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Think back to the time when you were completely dependent on 
manual methods for histologic processing. Tissue preparation that 
frequently took days to do then is now done in a matter 
of hours. Everybody's time is saved .. . 
technician's, pathologist's, surgeon's, patient's, 
and hospital's. Tissues come through faster 
and better — diagnosis is prompter. The working 
day becomes more productive. 

This is why thousands of hospitals all over the 
world depend, with justified confidence, on their 
Autotechnicons for unfailing, day-in, day-out service. 


THE TECHNICON CO. CHAUNCEY, NEW YORK 
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The Work of Many People 


Edward Teller 
Department of Physics, University of California, Berkeley 


MODERN technical and scientifie develop- 
ment is rightly considered a wonderfully 
complex and difficult undertaking. The final 
intricate product has evidently required the 

greatest refinements of the art of engineering. The 
engineering phase has to be preceded by an experi- 
mental period of trials and adjustments, and even the 
very conception and theory of the device are rooted 
in many scientific thoughts and a mass of detailed 
calculations. Hundreds of ideas and thousands of 
technical skills are required for success. The hydrogen 
bomb is an achievement of this kind. It is the work 
of many excellent people who had to give their best 
abilities for years and who were all essential for the 
final outcome. 

The story that is often presented to the public is 
quite different. One hears of a brilliant idea and only 
too often the name of a single individual is mentioned. 
This picture is both untrue and unjust. If one empha- 
sizes the interaction of many different minds, one 
comes closer to the real life and the real excitement 
of exploration. 

Over a number of years I have been closely asso- 
ciated with the development of the hydrogen bomb. 
I would like to attempt to give a picture of the many- 
sided efforts that went into this work. I cannot do so 
with any completeness. I can write only about those 
aspects of which I happen to be best informed: the 
conception, the theory, and the calculations. In the 
nature of things these represent only the beginning 
of the actual development, and they are not by any 
means the most important part of the work. I hope 
that there will be an occasion for others to tell the 
part of the story where tangible structures started to 
take the place of fantasies, sketches, and the long 
rows of formulas and figures. 

The story cannot be rightly told without mention- 
ing many of the people whose contributions made the 
hydrogen bomb possible, but it is even more difficult 
to attempt any kind of evaluation of the importance 
of each contribution. I shall mention names and inci- 
dents merely as examples of the kind of work that is 
needed in the close cooperation of which scientific 
and technologie developments consist. Perhaps this 
story will recall to some the adventure of trying to do 
what at one time seemed impossible. 

The parts of the story that are most worth remem- 
bering are the positive contributions rather than the 
many mistakes that always necessarily oceur in a com- 
plex undertaking. However, nature is patient and in 
the end only those mistakes count which in turn 
helped to point a way toward the correct ideas. It is 
the scientific tradition to emphasize what was good 
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in a development, and it is this kind of tradition that 
makes the history of science so inspiring and accounts 
for much of the good fellowship among scientific 
workers. 


The Sun and Other Stars 


George Gamow escaped from Soviet Russia in 1933 
and came to George Washington University in 1934. 
He had many interesting stories to tell. One of them 
is the following. 

Six years before his arrival in the United States, 
he reported in the U.S.S.R. Academy of Sciences a 
paper by the British physicist, Atkinson, and the 
German physicist, Houtermans. They suggested that 
the apparently inexhaustible store of energy radiated 
by the sun and by other stars is due to reactions be- 
tween atomic nuclei. These particles, tiny even com- 
pared with atoms, are known to contain an energy a 
million times greater than that released in chemical 
reactions or explosions. Yet they are able to release 
this energy only when they come in contact with each 
other. Their electric charges usually prevent contact 
between them and thus the energy that they have been 
carrying for billions of years is preserved. In the deep 
interior of the stars, however, exceedingly high tem- 
peratures exist. Owing to the thermal agitation, occa- 
sional collisions between the nuclei do occur, and these 
nuclear reactions ultimately give rise to the brilliance 
of the stars and to the radiation of our sun. 

After Gamow finished his lecture he was ap- 
proached by a very high Soviet official, Bukharin. By 
that time Bukharin had lost his real influence and 
had the job of keeping an eye on scientific develop- 
ments. A few years later he was to be executed. After 
the lecture he asked Gamow whether nuclear proc- 
esses similar to those occurring in the sun could be 
harnessed to some direct application here on earth. 
He offered to turn over to Gamow the Electric Works 
of Leningrad for a few hours at nighttime if that 
would help in the job. Gamow said that the prac- 
tical job could not be done, but he remembered this 
occurrence and he kept his interest in the question of 
stellar energies. 

Of course, we possess no direct knowledge about 
the interior of stars. Yet astrophysicists, starting with 
Eddington, had a pretty accurate knowledge of the 
conditions in those completely inaccessible regions. It 
may be puzzling to hear that science, which is prac- 
tically unable to predict properties of matter in its 
common form encountered on earth, should be able to 
state with high accuracy how matter behaves inside 
the stars. The reason is a simple one. At the relatively 
low temperatures prevailing around us, the properties 
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of materials are determined by a sensitive balance be- 
tween the attractions of the constituents of atoms and 
the energy of motion of these same particles. In the 
stellar interiors the temperatures are extremely high 
and the balance is destroyed. The atomic constituents 
—that is, the electrons and the nuclei—rush around at 
high velocities along straight lines, and the forces be- 
tween these particles have little effect upon their mo- 
tion. Thus matter, which in our common experience 
has many intricate and varied appearances and prop- 
erties, behaves in a uniform and predictable manner 
in the inside of the hot gas balls which we eall the 
stars. 

The stars lose energy continuously and this energy 
must be replenished. Atkinson and Houtermans 
merely pointed out that the most probable source of 
this energy is the atomic nucleus itself.. It was as yet 
unclear which of the great many possible reactions be- 
tween nuclei give rise to the solar and stellar energy. 

Gamow, with his wonderful sense for interesting 
problems, and with his contagious curiosity about the 
structure of the universe, stirred up quite a few of 
the physicists who had previously considered the in- 
terior of stars a too remote question. This soon led 
to the exploration of thermonuclear reactions, a long 
word which now has become quite familiar and which 
means the reaction of nuclei occurring at high tem- 
peratures. At that time, the late 1930’s, the discus- 
sions and work were carried on with no idea of any 
practical applications. It was done merely to satisfy 
what to many would appear idle curiosity. 

The first candidate for any thermonuclear reaction 
was the lightest of elements, hydrogen. In the sun and 
the stars this element appears to be by far the most 
abundant. Nuclei of hydrogen, by fusing into bigger 
nuclei, could release energies that are rather big even 
when compared with energies of most nuclear reac- 
tions. What is most important, hydrogen nuclei carry 
less charge than any other nucleus and therefore can 
approach each other more easily. Under the influence 
of Gamow’s prodding, a small group of physicists 
and astronomers met at George Washington Univer- 
sity and the Carnegie Institution in Washington in 
the spring of 1938. We had one of those disorganized 
discussions that we eall a conference, which seem to 
lead nowhere but which often in the past had a great 
influence upon the development of science. 

The conference did little more than pose the prob- 
lems with some clarity, but the solution followed within 
the next few months. Hans Bethe, Charles Critchfield, 
and Gamow succeeded, not only in determining what 
reactions keep the stars going, but also in reconstruct- 
ing how stars develop, change their appearance, and 
finally exhaust their sources of energy. The most re- 
markable part of this job was done by Bethe, who 
made a systematic study of all conceivable thermo- 
nuclear reactions, cataloging all the relatively meager 
experimental data of that day and supplementing 
them by wonderfully enlightened guesses about all 
the relevant nuclear reactions not yet experimentally 
explored. He found that, in addition to the possibility 
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of hydrogen nuclei reacting with each other, one has 
to consider the reactions between hydrogen and car- 
bon nuclei. His treatment of these reactions was so 
complete that in the next decade nothing useful could 
be added to his enumeration. Gamow had invented a 
new kind of game for the physicists, and Bethe proved 
to be the champion at it. 


Conception of the Super 


No one expected to be able to approach the con- 
ditions of the solar interior in any of our experi- 
ments. No container would have withstood the tem- 
peratures; no familiar source could deliver the energy 
in the necessary concentrated form. Then, in Decem- 
ber 1938, Otto Hahn and Lise Meitner discovered 
fission. 

It is now well known how fission releases energy. 
The neutron, a nuclear particle that carries no charge, 
can approach any nucleus even when no high tempera- 
tures are present. Some of the heaviest nuclei split 
under the impact of a neutron and produce more neu- 
trons in the process. Thus a chain of reactions results, 
and the immense temperature and pressure of an 
atomic bomb can be produced. 

Several years before Hiroshima, scientists started to 
wonder whether the high temperatures that were ex- 
pected to occur in an atomie bomb could be utilized 
to start reactions similar to those that are proceeding 
within the sun. To me, this idea was first mentioned 
with some emphasis by Enrico Fermi. He proposed, in 
particular, to consider the reactions of heavy hydro- 
gen rather than the reaction of the normal abundant 
light hydrogen. This heavy hydrogen, or deuterium, 
is present in ordinary hydrogen in the amount of 
1 part in 5000, but it can be separated from the light 
hydrogen by some processes that are not altogether 
too costly. Furthermore it was known that the heavy 
hydrogen nuclei react with each other much more 
easily than those of light hydrogen. Therefore, the 
substitution of deuterium for hydrogen would be a 
long step toward realizing thermonuclear reactions 
under experimental conditions. 

At that time, in the spring of 1942, both Fermi and 
I were at Columbia University. Physics had moved 
closer to the grim realities of war. Many of us had 
started to work on the fission bombs. It had become 
clear that these atomic bombs would be powerful but 
expensive. If deuterium could be ignited, it would 
give a much less expensive fuel. 

After a few weeks of hard thought, I decided that 
deuterium could not be ignited by atomic bombs. I re- 
ported my results to Fermi and proceeded to forget 
about it. 

In the early summer I found myself at the Metal- 
lurgical Laboratory of Chicago and in the company 
of Emil Konopinski, another physicist who had 
started to work on atomic energy. In the bustling 
laboratory of Chicago we were newcomers and at 
least for a few days we had no concrete job. I sug- 
gested that we go over my arguments about the ther- 
monuclear reactions and that we make a conclusive 
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written report that heavy hydrogen would be of no 
use in bombs. The more we tried, the harder it seemed 
few days we found some loopholes that seemed to in- 
to arrive at a definite conclusion. In fact, within a 
dicate that deuterium could be ignited, after all. 

In the meantime, Robert Oppenheimer gathered 
around himself in Berkeley a small group of theoreti- 
cal physicists for the pumpose of investigating the 
properties and behavior of atomic bombs. This group 
included Van Vleck, Felix Bloch, Stanley Frankel, 
Bethe, and Robert Serber. Konopinski and I joined 
the group when it was just being formed, and all of 
us were soon engaged in the distant but absorbing 
question of whether deuterium could be exploded. 

It is hard to describe the intensity and the fascina- 
tion of the discussion that followed. We were again 
dealing with conditions of high temperature com- 
pletely unknown to experiment but open to theoreti- 
eal predictions because of the very simplicity of the 
types of motion occurring under those conditions. The 
experience proved perhaps even more challenging 
than the previous diseussion about the interior of the 
sun. Here we were not bound by the known condi- 
tions in a given star but we were free within consid- 
erable limits to choose our own conditions. We were 
embarking on astrophysical engineering. 

As fact after fact emerged and was clarified, the 
prospects changed. One day the job looked hopeless, 
the next day it seemed easy, only to turn out again 
to be practically impossible on account of some con- 
siderations that had not been previously included. All 
of us contributed to the discussion, but without Kono- 
pinski and Bethe no real progress would have been 
made. I remember particularly the suggestion of 
Konopinski that the reactions of tritium should be 
investigated. At that time it was a mere guess. It 
turned out to be an inspired one. Bethe subjected all 
the relevant factors to the same kind of exhaustive 
scrutiny by which he had clarified the thermonuclear 
reactions occurring in the stars. By the middle of the 
summer of 1942, we were all convinced that the jo) 
could be done and that it would be relatively easy. 

The spirit of spontaneity, adventure, and surprise 
of those weeks in Berkeley was never recaptured for 
me in the many years of hard work in which atomic 
bombs were developed. As the problems inevitably 
grew, as they came closer to the realities of engineer- 
ing and hardware, exploration had to be replaced by 
schedule and spontaneous exchange of ideas by or- 
ganization. I am sure that all the participants in those 
diseussions still remember vividly the days when we 
thought that the atomie bomb could be easily used for 
a stepping-stone toward a thermonuclear explosion, 
which we called a “Super” bomb. : 


Certainly Difficult, Perhaps Possible 


When Los Alamos was established in the spring of 
1943, the exploration of the Super was among its ob- 
jectives. Within a year, however, the picture changed 
completely. This was due to the fact that both the 
atomie bomb and the Super bomb proved to be more 
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difficult than had been expected. Our diseussion of the 
thermonuclear reactions proved to be incomplete, and 
it became clear that to make a Super would be diffi- 
cult, if not impossible. At the same time, it became 
clear that the construction of the A-bomb was a much 
bigger job than we anticipated, and yet this had to 
be done before our enemies could do it. That it was 
done in time to have an influence upon the war was 
to a great extent due to the leadership of our diree- 
tor, Oppenheimer. He knew what was going on in 
every corner of the big laboratory and was prompt 
both in his understanding and in his encouragement. 
In his office there was a poster with Lincoln’s picture, 
carrying the modified quotation, “This world cannot 
exist half slave and half free.” It was hardly neces- 
sary, and yet helpful to remind everybody in the 
laboratory of this fact. We had to win the war and 
there was no time for the Super. 

In spite of the urgency of the situation, Oppen- 
heimer did not lose sight of the more distant possibili- 
ties. He continued to urge me with detailed and help- 
ful advice to keep exploring what lay beyond the 
immediate aims of the laboratory. This was not easy 
advice to give, nor was it easy to take. It is easier to 
participate in the work of the scientific community, 
particularly when a goal of the highest interest and 
urgency has been clearly defined. Every one of us con- 
sidered the present war and the completion of the 
A-bomb as the problems to which we wanted to con- 
tribute most. Nevertheless, Oppenheimer, Fermi, and 
many of the most prominent men in the laboratory 
continued to say that the job at Los Alamos would 
not be complete if we should remain in doubt whether 
or not a thermonuclear bomb was feasible. Further- 
more; the purely scientific aspects of the Super were 
so fascinating that the problem continued to attract 
attention even in the hectie days in which our efforts 
on the atomic bomb approached completion and suc- 
cess. Thus in early 1945 a small but very able group 
started to concentrate its efforts on the thermonuclear 
bombs. 

Most of this work continued to be pure theory, but 
there was less discovery and more quantitative evalua- 
tion. A number of talented young people joined our 
group. One of Bethe’s students, Henry Hurwitz, 
proved that he had learned from his professor how 
to be systematic and ingenious. Two students from 
George Washington University, Geoffrey Chew and 
Harold Argo, interrupted their studies and came to 
Los Alamos to help us. Anthony Turkevich from Chi- 
cago contributed his knowledge of the theory of chem- 
ical reactions. Rolf Landshoff, a refugee from Ger- 
many, was the only one of the group who was going 
to stay at Los Alamos uninterruptedly from those 
days up to the present time. Two mathematicians, 
Stan Ulam and Jack Calkin, started to make ealeu- 
lations which even to a theorist seemed abstract. 
Nicholas Metropolis became interested in the use of 
computing machines, which in the later development 
turned out to be of great importance. 

The experimental approach was not completely 
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neglected. Early measurements by John Manley, 
Elizabeth Graves, Marshall Holloway, and Charles 
Baker were continued by Egon Bretscher and other 
members of the British contingent. They, as well as 
our other British friends, participated without any 
restrictions in our great common work at Los Alamos. 

Some of the most famous men in the laboratory 
kept in very close touch with our work and helped 
with frequent suggestions and criticism. One was 
Fermi, a physicist equally eminent in theory and ex- 
periment, the other was John von Neumann, one of 
the rare mathematicians who can descend to the level 
of a physicist. 

In spite of all these contributions, no definite an- 
swer was reached, As the months went by, we still did 
not know whether the job could be done. But, para- 
doxical as this may seem, our very laek of certainty 
was based on a broader and more secure foundation. 
At the same time, all these people became acquainted 
with the increasingly complex arguments, and thus 
many of them could prepare themselves for further 
contributions in the future. 

The most important part of all this work, however, 
was focused on one man, Konopinski. It was he who 
brought newcomers up to date, who made sure that 
none of the questions of which we were aware should 
go unexplored, and- who finally made sure that our 
accumulating knowledge was preserved in clear and 
usable documents. Together with a young physicist, 
Cloyd Marvin, Jr., he also completed a strange and 
important task. He proved that a thermonuclear re- 
action, even if initiated on the earth, could not spread 
under any circumstances. It was necessary to prove, 
and he did prove, that the Super bomb could not ignite 
the atmosphere or the ocean. Later, his work was re- 
viewed by one of the most conscientious, meticulous 
and painstaking physicists, Gregory Breit. It was 
clearly necessary to prove this point beyond the 
shadow of any doubt and it was so proved. 

Then, in the summer of 1945, the work of the labo- 
ratory culminated in complete and terrifying success. 
The war was ended and the temper of the country and 
of the physicists seemed to preclude any further great 
efforts on the thermonuclear bomb. Some members of 
the wartime group, however, stayed on to prepare a 
summary review of the possibilities. It was Frankel 
and Metropolis who worked hardest and longest in 
preparing this report on the feasibility of the Super. 
The verdict was: Difficult, but with hard work, hope- 
ful. 

Hibernation 

For several months after the end of the war it 
seemed likely that the Los Alamos Laboratory would 
be discontinued. Such an event would have been most 
dangerous for the security of the United States. That 
it did not happen was due to the effort of a few deter- 
mined people who considered it their duty to try to 
keep Los Alamos alive, whatever the odds might be. 
The man whose leadership was crucial in those days 
was the new director, Norris Bradbury. 

To keep Los Alamos alive was an uphill fight which 
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remains clear in the memory of both those who stayed 
and those who left. One nontechnical event of great 
importance which all of us remember was the water 
shortage. In the fall of 1945 the snowfall came late, 
but frost came early. The-water pipes froze and soon 
water had to be brought up the hill in trucks. We 
lacked ample water, one of the vital elements of civili- 
zation; this great discomfort continued into Christmas 
of 1945 and beyond. Los Alamos was a town of young 
people and there were many babies. Mothers started 
to wonder about dangers of epidemics, which fortu- 
nately never materialized. Many who had hesitated de- 
cided to leave Los Alamos. I reeall one detail that 
may seem insignificant. During the war I developed, 
somewhat to my own surprise, two affections: a liking 
for strangers and the love of green grass. Both were 
in short supply. In the water shortage of 1945 the 
grass was dying. 

Throughout all these difficulties Bradbury stayed 
on, kept smiling and encouraged others to stay with 
the job. Without his dedicated work the Russians 
would now be ahead of us in the atomic race. 

I was one of the majority who returned at that time 
to academic work. The very success of the atomic 
bomb had raised some obstacles to the continuation of 
work on the thermonuclear weapon. There were those 
who felt that it would take a lifetime before the bril- 
liant achievements of the war work could be improved. 
Of our thermonuclear group, only Landshoff re- 
mained, and most of his work was required for more 
immediate problems. Ulam left the laboratory for a 
short period and then returned to develop the Monte 
Carlo method, a highly successful procedure to deal 
with statistical problems by investigating individual 
happenings rather than the mass of the data. This 
fine work, however, was unrelated to the work on the 
Super. Ulam’s contributions in that field came later. 
Thus, of the small group of experts whose skill was 
developed during the war, not one continued to devote 
his full time and energy to the next big problem in 
atomie weapons. 

However, the idea of the Super bomb survived as a 
challenge and as a future task for Los Alamos. An 
exceedingly small group, headed by Robert Richtmyer, 
started to take over where others left off. They kept 
the spark alive, and their work should therefore be 
particularly remembered. la the following years I 
made many visits to Los Alamos and kept in close 
touch with the work of these people. From the very 
beginning this work had assumed a new direction and 
acquired a new style. 

In the development of the atomic bomb, use of auto- 
matic computing machines had played an important 
role. It was essential that atomic bombs should be 
available without a lengthy preliminary period of ex- 
perimentation. Furthermore, small-scale experimenta- 
tion, similar in function to that of a pilot plant in 
industry, was out of the question in connection with 
atomic bombs: If you try to make a small atomic 
explosion you are likely to get no atomic explosion. 
Therefore, theoretical predictions had to be particu- 
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larly well considered and carried out in meticulous 
detail. This would have been most difficult without the 
extensive use of big computing devices. In the postwar 
period the theorists of the Super bomb turned their 
interest toward the most advanced computing ma- 
chines. 

In the months following the explosion of the first 
atomic weapons, Frankel afid Metropolis started work 
on the new fast electronic computer in Philadelphia, 
the ENIAC. Their work was soon taken over by 
Richtmyer, Foster and Cerda Evans, and a few others. 
At the same time von Neumann, together with many 
excellent people throughout the country, was working 
hard at further plans and improvements of the fast 
electronic computers. After an absence of more than 
a year, Metropolis rejoined Los Alamos and started 
to build the MANIAC (which is supposed to mean 
Mathematical Analyzer Numerical Integrator And 
Computer). Richtmyer became interested in these 
computational methods and became one of the real 
masters in handling the machines. 

A fast computer, while very efficient, needs detailed 
instructions, and it is quite an art to transform a 
mathematical problem into a set of symbols that will 
make the machine operate properly. Furthermore, this 
set of symbols is hardly ever free from errors, so that 
after a problem is fed into the machine the first set 
of answers usually makes no sense. There must follow 
a period of “debugging” in which the very answers 
obtained lead to the discovery of mistakes in the 
original instructions. To make matters worse, the ma- 
chine itself makes occasional mistakes and these may 
get confused with errors in the instructions. 

In the normal course of operating a computing ma- 
chine, several people cooperate: the physicist who sets 
up the problem, the mathematician who provides the 
rigorous formulation, the coder who “explains” the 
problem to the machine, the machine operator who 
straightens out the errors, and then the physicist again 
who uses the answers to set up the next problem. 
Richtmyer argued that all these operations can be 
performed by a single man more efficiently, and he 
proceeded to demonstrate that this could be done. This 
style of computation is practiced at present by many 
able people. 

Work on a difficult subject such as a Super bomb 
depends on the mutual help and encouragement of at 
least a few people. When the group is small there is 
danger that the effort will cease altogether; but in the 
ease of the thermonuclear effort the small group of 
people kept on increasing, even though the increase 
was slow. The evident importance and scientifie in- 
terest of the problem caught and held the imagina- 
tion of additional workers. Frank Hoyt, a professor 
at the University of Chicago, visited from time to 
time to help out. Later he joined Los Alamos on a 
permanent basis. His quiet and devoted work con- 
tributed much to the sustained effort. Some of my 
students at Chicago also became interested and joined 
the laboratory after completing their graduate work. 
Harris Mayer and John Reitz were to make lasting 
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contributions, and Marshall Rosenbluth eventually be- 
came one of the key men who carried the calculations 
to their successful conelusion. 

I particularly remember a short visit from Lothar 
Nordheim from Duke University. He is a man who is 
likely to sit through a dinner among friends without 
participating in the conversation and who is likely to 
come up toward the end with just one remark. Later 
it turns out that one ean reeall, of the whole evening, 
only Nordheim’s comment. His work proved to be of 
the same quality. He started it in the lean years. Later 
he joined Los Alamos for an extended period, always 
working ineonspicuously either alone or with very few 
people. In the beginning his effort did not seem to 
amount to much. In the end it turned ont to be one of 
the really significant contributions. 

In the middle of 1949 I went back to Los Alamos 
to spend a considerable length of time there. In the 
preceding 3 years the laboratory had recovered to a 
remarkable extent. We had lost somewhat in com- 
petence as compared with the high-powered crew that 
was available at the end of the war, but we had pro- 
gressed in some ideas, and the technique of big-seale 
computations had been developed. Then the Soviet 
bomb brought the realization that the arms race was 
no longer a possibility but a frightening reality. 


The Crisis 


It is clear that the hydrogen bomb would not have 
been built except for the efforts of a considerable 
number of people whose contributions ranged from 
political decisions to organization and on into the sci- 
entific work. My knowledge and appreciation are, of 
course, greatest in connection with this last phase, 
which is closest to my own interests. I shall talk only 
about the work that concerned equations and atoms 
and will stop short of blueprints and bombs. About 
the latter I do not know enough to give a just de- 
scription. About the political decisions that had to be 
made after the explosion of the Soviet bomb, I know 
even less. My direct experience is limited to the few 
occasions when I was asked to give my opinion on 
technical possibilities and probabilities; but I feel 
that great gratitude is due to the men who in those 
difficult weeks arrived at the correct conclusions. 

The decision concerning how to respond to the 
threat of a Soviet bomb was not an easy one. At Los 
Alamos there was a widespread feeling that the 
laboratory should turn to the development of the 
hydrogen bomb. During the war it had been under- 
stood that this possibility must be explored. Many 
people felt that the time for this had come. In the 
administration of the laboratory the first to make a 
concrete and determined effort toward planning a big- 
seale approach was Darol Froman. A 6-day work 
week was adopted upon the urging of Holloway and 
others. 

However, the center of the hydrogen bomb activity 
remained for some time in the theoretical group on 
which plans had to depend. This group, although 
small, was of high quality and expanded rapidly. 
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Much of the credit for its build-up and suecessful ae- 
tivity must go to its able organizer and leader, Carson 
Mark. 

Frederic de Hoffmann had joined the laboratory 
in the early part of 1949. Even before the Soviet ex- 
plosion he felt that the hydrogen bomb must be our 
main task. Now he acted like a man who has been 
freed from a terrible restriction. He was the kind of 
associate who would never let me forget the impor- 
tanee of the job that we were doing, and I am sure 
that my own effectiveness depended greatly on his 
skill, devotion, and example. Nordheim joined the 
laboratory to explore further the consequence of his 
earlier work. John Wheeler trom Princeton inter- 
rupted a well-deserved sabbatical leave in Europe and, 
together with some of his students, plunged into furi- 
ous and effective activity. Roy Goranson helped to 
maintain contact between the theory and the practical 
execution. James Tuck shelved his greatest interest, 
peacetime applications of atomic energy, and devoted 
himself to the urgent phase of the program. Together 
with a group of able experimental physicists, he made 
some measurements of vital interest to the thermo- 
nuclear program. Von Neumann and Fermi helped, if 
less frequently, no less effectively than during the war. 

Our most urgent task was to reconsider with the 
greatest possible rigor the favored design of the 
hydrogen bomb. We intended to do this with the help 
of the high-speed computing machines. The best of 
these, however, were not yet operating at the time, 
and the caleulation was set up on the ENIAC, which 
in the intervening years had been moved to the Aber- 
deen Proving Grounds. Ulam, with the able help of 
another mathematician, Cornelius Everett, undertook 
to execute the same job by straightforward hand 
computation. The next few months saw an amazing 
competition between the tortoise and the (electronic) 
hare. 

The big modern computing machines open up pos- 
sibilities of complex caleulations which seemed to be 
beyond our reach only a few years ago, but real 
mathematical ingenuity, coupled with hard work, can 
on some occasions overcome computational difficulties 
with even greater success than the best apparatus so 
far invented. This is precisely what happened in the 
ease of Ulam’s caleulation. It proceeded with a speed 
that surpassed all expectations. Results were available 
even before the lengthy instructions to the machines 
had been completed. Those who like to contrast in- 
genuity and endurance of the human brain with the 
ligntning speed of standard operations on a machine 
will be able to conclude: In a real emergency the 
mathematician still wins—if he is really good. 

Ulam’s first partial results were disquieting; the 
more complete answers, most discouraging. I felt at 
the time that these calculations, which seemed to be in 
conflict with earlier results obtained on machines, were 
hard to believe. In actual fact they were correct, and 
they served a most important purpose in alerting us 
at an early date to the difficulties that we were facing. 
A few weeks later, when the more detailed and aceu- 
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rate results from the machine were in, it beeame ecom- 
pletely clear that the plans which we had considered 
most hopeful had to be revised. 

The probable success of a radically new device such 
as the hydrogen bomb is nof likely to depend on one 
particular line of approach. Real progress depends 
on the complete understanding of the field and on the 
efficiency of methods that apply this understanding to 
detailed designs. It furthermore depends on experi- 
ments and tests to compare the theoretical knowledge 
with reality. The work of the years that had passed 
since 1942 had left us with a great store of knowledge 
of the principles and methods, but the calculations of 
Ulam and Everett deprived us of the best example of 
a device to which we could point and say: This is how 
we actually want to do it. 

It is clear that there had to be discouragement. The 
remarkable thing is that the majority of the people 
engaged in the work at Los Alamos kept on working 
hard and with a good spirit. This included almost all 
the theorists who had been working on the project. 

The plan for a complex apparatus like a hydrogen 
bomb is not tied to one single design. There are many 
possibilities and each possibility ean be handled in 
many different ways. In early 1950 we had 8 years 
of fantasies, theories, and calculations behind us. We 
also had some significant measurements performed in 
the laboratories on the basie process, but we had no 
experience whatsoever that would tell us whether or 
not our assumptions and general ideas had anything 
to do with the behavior of real objects. It had become 
most urgent to come back to solid ground by estab- 
lishing a connection between theory and practice. In 
other words, we needed a significant test. Without 
such a test no one of us could have had the confidence 
to proceed further along speculations, inventions, and 
the difficult choice of the most promising possibility. 
This test was to play the role of a pilot plant in our 
development. ‘ 

The first immediate job was, therefore, to make de- 
tailed calculations concerning the test. Because of the 
shortage of high-speed computing equipment, much 
of this arduous work stili had to be carried out by 
hand. Under the supervision of Wheeler, Landshoff, 
Richtmyer, and some new recruits among whom were 
Conrad Longmire, Rosenbluth, and Burton Freeman, 
an incredible amount of numerical data was turned 
out by the untiring work of the people in the Los 
Alamos computing division. Thus, the comparison be- 
tween the results of the test and the theory of thermo- 
nuclear burning could be anticipated with some meas- 
ure of confidence. 

In the second half of 1950 and in early 1951, the 
most complex kind of apparatus was being built in 
order to observe the results of the test. It is impossible 
for me to describe the excellent effort that went into 
this work. The device we were building was going to 
function for a minute fraction of a second. The ob- 
serving equipment was going to be destroyed by the 
test explosion, yet delicate effects had to be recorded 
before the test apparatus was vaporized. We had to 
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find out not only what actually happened in this test 
but also which were the best observational tools to 
be used in future tests. 

Under the direction of Alvin Graves, Frederick 
Reines, Jack Clark, William Ogle, and others, an in- 
tricate laboratory was built on Eniwetok. The Los 
Alamos effort was augmented by excellent crews from 
the Naval Research Laboratory and from the Radia- 
tion Laboratory of the University of California. Never 
before have so many experimental scientists believed 
in such a mass of complex calculations not as yet com- 
pared with any process in the real world. 

During most of these preparations plans for an 
eventually successful device had to take a low prior- 
ity. The most important thing was the test, which re- 
quired such a great effort and which was to confirm or 
disprove our ideas. We had to establish beyond a 
doubt that thermonuclear burning was possible. The 
question whether it could be used in an economically 
designed weapon had to wait for many months. Yet, 
it would be a mistake to believe that in this period 
plans were not maturing. The most fruitful sugges- 
tions often occur when one is occupied with a dif- 
ferent and urgent project, and many of the hard- 
working physicists contributed in offhand discussions 
their ideas, sometimes fantastic, sometimes practical, 
to what might in the end become a usable device. 

However, the immediate thing ahead of us in the 
spring of 1951 was the test in the Pacific: Greenhouse. 
I do not know how many scientific experiments have 
been made under conditions as exotic or in a place as 
beautiful as was the setting for the first thermo- 
nuclear experiment. There must have been other events 
as strange, exciting, and unforgettable. What re- 
mains most clear in my mind is the contrast between 
the spectacular explosion, which in itself meant noth- 
ing, and the small piece of paper handed to me by my 
good friend, Louis Rosen, which showed that the ex- 
periment was a success. The test gave us the assur- 
ance that we needed. Our detailed calculations agreed 
remarkably well. with the results of the test. 


Success 


All of us knew that after Greenhouse we faced the 
real decision: can a usable device be constructed or 
not? All of us worried about this question. Some made 
very specific plans. Wheeler set up a group in Prince- 
ton which was preparing for the long hard pull in 
the caleulations that were to decide the issue. But the 
essential parts of the decision started to come faster 
than had been expected by anybody. 

A few months before the Greenhouse test all caleu- 
lations had to be completed, and at that time it be- 
came possible for many of us to devote our full atten- 
tion to the problems of the construction of an actual 
bomb. This time the challenge found our group in Los 
Alamos fully prepared. Caleulational techniques were 
developed to a high pitch. Half-examined ideas were 
lying around by the score. They had to be shoved aside 
for the sake of more immediate calculations. Now we 
had the opportunity to look at them in detail. A year 
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had passed since the decision to go ahead at the fastest 
possible rate with the hydrogen program, and every- 
one was eager and anxious to come to grips with the 
real problem. Two signs of hope came within a few 
weeks: one sign was an imaginative suggestion by 
Ulam; the other sign was a fine calculation by de 
Hoffmann. 

I cannot refrain from mentioning one particularly 
human detail in de Hoffmann’s work. Since I had 
made the suggestion that led to his ealeulation, I ex- 
pected that we would jointly sign the report eontain- 
ing the results. Freddie, however, had other plans. He 
signed the report with my name only and argued that 
the suggestion counted for everything and the exeeu- 
tion for nothing. I still feel ashamed that I consented. 

Even before the Greenhouse test it became evident 
to a small group of people in Los Alamos that a ther- 
monuclear bomb might be constructed in a compara- 
tively easy manner. To many who were not closely 
connected with our work this has appeared as a par- 
ticularly unexpected and ingenious development. In 
actual fact this too was the result of hard work and 
hard thought by many people. The thoughts were in- 
complete, but all the fruitful elements were present, 
and it was clearly a question of only a short period 
until the ideas and suggestions were to erystallize into 
something conerete and provable. Both Los Alamos 
and the newly formed group in Princeton immedi- 
ately started caleulations on this new approach. 

The caleulations on the new plans, though still 
crude, were presented at a meeting in Princeton to 
the Atomic Energy Commission and its advisers 
shortly after the Greenhouse test. Even while this 
meeting was in session, fresh results from Wheeler’s 
group Were being brought in. This group, which was 
organized in a period of uncertainty, was gaining re- 
markable momentum and hope and their mood was 
contagious. In the Princeton meeting everyone clearly 
recognized that with a little luck, only a great deal of 
hard work stood between us and final success. 

Now at last the high-speed computing machines 
started to play the significant role that had been fore- 
seen a few years earlier. A somewhat modest but very 
efficient machine, the SEAC, was in operation at the 
National Bureau of Standards, and the director, Ed- 
ward Condon, invited us to make use of it. With the 
help of this facility, initial details of the plans were 
ironed out in a few weeks rather than in tedious 
months. Soon even faster machines, including par- 
ticularly the Los Alamos MANTAC, helped to speed 
our work, so that the caleulations on the design could 
be carried through more thoroughly and in shorter 
time than anyone could have expected. The art of 
machine calculations was now shared by many of the 
leading theorists in Los Alamos. In the hands of 
Rosenbluth, Longmire, Nordheim, Freeman, and many 
others, speculations hardened into complete specifi- 
cations. Wheeler’s group at Princeton developed simi- 
lar expert knowledge in an amazingly short time. 
John Toll, Kenneth Ford, and others not only helped 
to make sure of the success of the immediate plans 
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but started to contribute toward designs that were to 
bear fruit only in the more distant future. 

In the fall of 1951 I left Los Alamos. I felt sure 
that everything was going to be done to construct a 
thermonuclear bomb with the greatest possible care 
and precision. The theoretical division under Carson 
Mark had grown into a most able outfit, which was to 
be joined for the critical months by Bethe. All of us 
felt that his presence would make sure that nothing 
would be forgotten in the preparations. Yet people 
kept worrying about possible difficulties, even dream- 
ing about them, up to the time of the final test ex- 
plosion. Thus, with Los Alamos furnishing the solid 
foundation and Princeton much of the drive and op- 
timism, one could look with confidence into the future. 

It was a great disappointment to me that I could 
not participate in the final phases of this magnificent 
undertaking. The main reason that persuaded me to 
leave Los Alamos was a conviction that this was an 
opportune time in which to start plans for a second 
weapons laboratory. Science, as well as any kind of 
technical work, thrives on friendly competition, on the 
fostering of different points of view, and on the ex- 
change of ideas developed in various surroundings. 
It is only too easy for a single group to become fas- 
cinated by some special aspects of a development and 
to neglect other hopeful approaches. I felt that the 
safety of our country could not be entrusted to a sin- 
gle laboratory, even though that laboratory were as 
excellent as Los Alamos. 

In the course of time this second laboratory was 
established at the Livermore site of the Radiation 
_ Laboratory of the University of California under the 
directorship of Herbert York. Its work so far has 
been mostly that of learning the difficult art of in- 
venting and making nuclear weapons. All the magnifi- 
cent achievements that have become in the meantime 
known to the world have been accomplished by Los 
Alamos. But in the intervening years a group of 
young experts has grown up in Livermore. The more 
they see that Los Alamos is a long distance ahead of 
them, the more eager they are to catch up. Having 
had the privilege of being associated with this young 
and vigorous group, I feel sure that the work at Los 
Alamos and Livermore will be mutually helpful to the 
two laboratories and will be of the greatest importance 
to the country as a whole. It is of no interest which 
of the two laboratories will be able to accomplish the 
most in the future. The only important thing is that 
each of them should do what it can and that together 
they should do what is enough. 

The difficulties of the task of a weapons laboratory 
could be no more clearly illustrated than by describing 
the work of the last year that preceded the explosion 
of the first successful hydrogen bomb in Eniwetok. 
My knowledge of the details of this undertaking is 
not good enough, however, to justify any description 
or evaluation of the great work of this year, but I 
would like to mention the kind of difficulties that had 
to be faced. 

Traditional engineering is thoroughly empirical. 
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The usual sound practice is to make progress in smal] 
steps. A big plant is preceded by a small pilot plant. 
A full-seale device is not started until details have 
been checked on models. Work on atomic bombs makes 
it necessary to change this eOnservative practice. The 
final device is put together without any significant 
model experimentation. Tests, such as Greenhouse, can 
give guidance to the theorists, but they give little con- 
crete support to the engineers. Dimensions, tolerances, 
strange materials go into the final design which would 
leave traditional engineers bewildered and helpless. 
Los Alamos had developed in the experience of many 
hard years an effective method of dealing with these 
grotesque difficulties of hardware. I can only guess 
how great these actual difficulties are, but I suspect 
that the greatest achievement in the production of the 
hydrogen bomb was not the conception or the inven- 
tion but the execution. The man who was in charge of 
this undertaking was Marshall Holloway. I hope that 
at some time the story of this phase of the undertak- 
ing can be told, but the most important fact is this 
simple one: It was difficult and it was completely suc- 
cessful. 

In October 1952 I was kindly invited to attend the 
explosion of the first full-scale device called “Mike.” 
I would have liked to go, but it was clear that I would 
not have been of any concrete use in the Pacific. At 
the same time Livermore, only a few weeks old, was 
requiring the fullest attention of all of its members, 
so I chose the second best solution, which was much 
less expensive in money, effort, and time. I attended 
the first hydrogen shot by watching the sensitive seis- 
mograph in Berkeley. 

In the morning of 1 November 1952 I was shown 
into the basement where the seismograph was operat- 
ing. This seismograph is a recording instrument that 
writes with the help of a fine beam of light on a 
photographie film. The room was completely dark ex- 
cept for the tiny luminous spot that the pencil of 
light threw on the photographie paper. After my eyes 
became accustomed to the darkness, I noticed that the 
spot seemed quite unsteady. Clearly this was more 
than what could be due to the continuous trembling 
of the earth, to the “microseisms” that are caused by 
the pounding of the ocean waves on the shores of the 
continent. It was due to the movements of my own 
eyes, which in the darkness were not steadied by the 
surrounding picture of solid objects. Soon the lumi- 
nous point gave me the feeling of being aboard a 
gently and irregularly moving vessel, so I braced a 
pencil on a piece of the apparatus and held it close 
to the luminous point. Now the point seemed steady, 
and I felt as if I had come back to solid ground again. 
This was about the time of the actual shot. Nothing 
happened or could have happened. About a quarter 
of an hour was required for the shock to travel, deep 
under the Pacific basin, to the California coast. I 
waited with little patience, the seismograph making 
at each minute a clearly visible vibration which served 
as a time signal. At last the time signal came that had 
to be followed by the shock from the explosion and 


ScrENCE, vou. 121 


there | 
to dan 
pencil 
I wait 
record 
low th 
develo 
that I 
was th 
from | 
peared 
big an 
of cor 
miles 
was a 


I be 
hydrog 
its pos 
who w 
and wl 
clear f 
terest 
feel th 
in the 
in the 

In tl 
one re: 
in the 
therme 
lege th 
the su 

At t 
situatic 
perhar 
I feel 
should 
about 
close o 


| 


folie ai 
of sing 
of seve 
(1). A 
ing eff 
of chil 


Fes 


Vv 
a 
D 
| 


there it seemed to be: the luminous point appeared 
to dance wildly and irregularly. Was it only that the 
pencil which I held as a marker trembled in my hand? 
I waited for many more minutes to be sure that the 
record did not miss any of the shocks that might fol- 
low the first. Then finally the film was taken off and 
developed. By that time I had almost convinced myself 
that I must have been mistaken” and that what I saw 
was the motion of my own hand rather than the signal 
from the first hydrogen bomb. Then the trace ap- 
peared on the photographie plate. It was clear and 
big and unmistakable. It had been made by the wave 
of compression that had traveled for thousands of 
miles and brought the positive assurance that “Mike” 
was a success. 


What Next? 


I believe that everyone who has worked on the 
hydrogen bomb was appalled by the success and by 
its possible consequences. I also believe that everyone 
who was closely or distantly connected with the effort 
and who made any contribution, great or small, had a 
clear feeling that the work was necessary in the in- 
terest of the safety of our country. To that extent I 
feel that all of us had an equal sense of satisfaction 
in the final success on 1 November 1952 at Eniwetok 
in the Marshall Islands. 

In the whole development I want to claim credit in 
one respect only. I believed and continued to believe 
in the possibility and the necessity of developing the 
thermonuclear bomb. I feel that it was a great privi- 
lege that I could stay with it until a time at which 
the successful conclusion was in sight. 

At the present time I find myself unhappily in a 
situation of being given certainly too much credit and 
perhaps too much blame for what has happened. Yet, 
I feel that the development of the hydrogen bomb 
should not divide those who in the past have argued 
about it but rather should unite all of us who in a 
close or distant way, by work or by criticism, have 


HE 4-amino antagonists of pteroylglutamic 
acid (PGA), such as Aminopterin and 
A-methopterin, apparently exert their effect 
by blocking the formation of derivatives of 
folie acid concerned as coenzymes with the transfer 
of single carbon units, and thus with the synthesis 
of several components of proteins and nucleie acids 
(1). Aminopterin was the first agent to show strik- 
ing effectiveness in the treatment of acute leukemia 
of children (2). The availability of an organism, 
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contributed toward its eompletion. Disunity of the 
scientists is one of the greatest dangers for our coun- 
try. 

The very size of our progress has opened up other 
dangers. We may be led to think that this aceom- 
plishment is something ultimate. I do not believe that 
this is so. Where the next steps will lead, I do not 
know. It is not likely that it will be just bigger bombs 
again. The world is full of surprises, and great devel- 
opments rarely go along straight lines. But the skills 
and the knowledge that developed the A-bomb and the 
H-bomb can undoubtedly be turned to new directions, 
and we shall fail if we rest upon our aeceomplish- 
ments. 

The greatest and most obvious danger of the hy- 
drogen bomb is its destructive power. Some may think 
that it would have been better never to develop this 
instrument. I respect their opinion and I understand 
their feelings. There can be nothing more strong and 
definite than our desire for peace and I am sure that 
those who were most closely connected with the de- 
velopment of the new destructive weapons feel this 
at least as strongly as anyone else. But I also believe 
that we would be unfaithful to the tradition of West- 
ern civilization if we were to shy away from exploring 
the limits of human achievement. It is our specific 
duty as scientists to explore and to explain. Beyond 
that our responsibilities cannot be any greater than 
those of any other citizen of our democratic society. 

It is clear and it is true that atomic bombs and 
hydrogen bombs are terrible and unprecedented, but 
so have been many other developments that past gen- 
erations have faced. The construction of the thermo- 
nuclear weapon was a great challenge to the technical 
people of this country. To be in possession of this 
instrument is an even greater challenge to the free 
community in which we live. I am confident that, 
whatever the scientists are able to discover or invent, 
the people will be good enough and wise enough to 
control it for the ultimate benefit of everyone. 


A Labile Precursor of Citrovorum Factor 


Charles A. Nichol,” Aaron H. Anton,t Sigmund F. Zakrzewski 
Department of Pharmacology, School of Medicine, Yale University, New Haven, Connecticut 


Leuconostoc citrovorum, ATCC 8081 (recently re- 


- classified as a typical strain of Pediococcus cerevisiae, 


3), which requires a reduced derivative of PGA, has 
made possible the observations that PGA is reduced 
metabolically and that the formation of citrovorum 
factor (CF, N®*-formyl-5,6,7,8-tetrahydro-PGA) de- 
rived from PGA by liver preparations and by sus- 
pensions of bacterial or leukemic cells, is blocked 
effectively by Aminopterin (1, 4). 

Although evidence was available that CF itself is 
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Table 1. Effect of heat and exposure to nitrogen and 
oxygen on a product derived from pteroylglutamic acid 
by cells of S. faecalis/A. 


Folie acid 
Exposure activity 
time (L. citrovorum 
8043) 
for ‘ 8081) 
super- 
natant* Unheated Heated Unheated Heated 
(min) (ug/ml of (ug/ml of 
supernatant supernatant 
fluid) fluid) 
0 54.0 55.0 4.10 19.4 
Atmosphere of nitrogen at 37°C 
30 54.1 56.4 4.65 18.6 
120 56.8 57.1 8.48 © 20.2 
240 58.5 57.6 12.3 20.6 
Atmosphere of oxygen at 37°C 
30 57.6 57.6 4.34 11.9 
120 58.1 58.3 4.96 5.05 
240 60.1 55.4 3.88 4.11 


* Cells of S. faecalis/A [2.1 mg (dry wt.)/ml of incubation 
mixture] were suspended in phosphate buffer (0.2M, pH 6.5) 
containing glucose (0.02M), sodium ascorbate (0.01M), and 
sodium formate (0.01M). The cells were incubated anaero- 
bically for 1 hr in plastic centrifuge cups, which were then 
capped and spun in a refrigerated centrifuge. Portions of the 
supernatant fluid were returned to the incubator under atmos- 
pheres of nitrogen and oxyger and were agitated constantly. 
Duplicate aliquots were removed at intervals and were frozen 
immediately. One of each pair of aliquots was heated at 120°C 
for 30 min. The samples were assayed for their activity for 
8S. faecalis 8043 and L. citrovorum 8081 (10), using PGA and 
CF, respectively, as standards of comparison. 


not a coenzyme (5-8), its close relationship to the 
functional cofactor(s) has been regarded favorably. 
In fact, recent investigations have suggested that the 
functional forms of the vitamin may be derivatives 
of tetrahydro-PGA carrying specific one-carbon sub- 
stituents at the formate or formaldehyde levels of 
oxidation (5-8). Unfortunately, direct methods for 
the study of the effect of the antagonists on the for- 
mation of the coenzymes, as distinct from CF, have 
been lacking. 

We have observed recently that following the incu- 
bation of either preparations of pigeon liver or sus- 
pensions of an A-methopterin-resistant strain of S. 
faecalis (9, 10) with PGA, the appearance of CF 
results from the nonenzymatic degradation of a more 
labile compound and that the formation of CF is 
inhibited by Aminopterin only indirectly. The lability 
of the product of the enzymatic reactions under 
aerobic conditions, and the conditions that favor its 
conversion to CF are features that require careful 
consideration in the interpretation of metabolic stud- 
ies of the nature and activity of derivatives of PGA. 

The product formed by the anaerobic incubation of 
PGA with cells of S. faecalis/A was exposed to at- 
mospheres of nitrogen and oxygen with the results 
shown in Table 1. The supernatant fluid that was 
obtained after the removal of the cells in a refriger- 
ated centrifuge did not have the ability to alter added 
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PGA. Comparison of the heated and unheated sam- 
ples of the supernatant fraction derived from the in- 
cubation of the cells with PGA indicated the pres- 
ence, not only of CF, but also of a derivative of PGA 
that was converted to CF +y heating in the manner 
described. Incubation in the presence of oxygen led 
to the disappearance of the heat-labile precursor of 
CF. However, in each case, the total activity of the 
solution for S. faecalis remained the same. 

Under anaerobic conditions at 37°C the compound 
was converted gradually to CF, a compound that is 
stable upon exposure to heat or oxygen, under the 
conditions described. Since the formation of the labile 
compound by this anaerobic system required the pres- 
ence of ascorbate, which stabilizes the oxidizable 
product, it is probable that the true rate of oxidation 
of the labile precursor of CF is greater than that 
indicated by this experiment. The presence of cys- 
teine or glutathione did not duplicate the effect of 
ascorbate in liver preparations; however, in this bac- 
terial system an effect of these compounds, similar to 
that of ascorbic, could be demonstrated. 

The rate of formation of CF from its precursor 
(formed by the incubation of PGA with homogenates 
of pigeon liver) was more rapid at 120°C than at 
100°C. Also, after the elimination of enzymatic ac- 
tivity by removal of the bacterial cells, the rate of 
formation of CF in the supernatant fluid derived 
from S. faecalis/A incubated with PGA was approxi- 
mately doubled for each 10-deg increase in tempera- 
ture from 40° to 80°C. 

The evidence that CF can be derived from a pre- 
cursor nonenzymatically implies that CF may very 
well not be a direct intermediate in the formation of 
the functional form of the vitamin derived from PGA. 
The occurrence of separate pathways for the forma- 
tion of the cofactor from PGA and CF could account 
for the observation that an A-methopterin-resistant 
strain of S. faecalis reqnired less PGA than CF for 
half-maximal growth (10, 11). We have found that 
Aminopterin exerts an effect that is observed as an 
inhibition of the formation of CF, but this is an in- 
direct effect. Aminopterin effectively blocked the for- 
mation of the precursor but was without effect upon 
the subsequent formation of CF, per se. Blakley (6) 
observed that Aminopterin inhibited the serine-gly- 
cine interconversion in the presence of PGA and yeast 


extract, but not in the presence of tetrahydro-PGA. | 


Isolation of the CF formed by heating the filtrates 
of S. faecalis/A incubated with PGA yielded a mate- 
rial indistinguishable from synthetic CF (folinie acid- 
SF; leucovorin) with respect to absorption spectra, 
Ry values on paper chromatography, and stability in 
acid and alkali (12); like the CF isolated from liver 
(13), however, it was twice as active as the synthetic 
compound in promoting the growth of S. faecalis 
(12). Bioautograms using S. faecalis showed that in 
addition to PGA and CF, two folie acid-like com- 
pounds were present in the heated supernatant fluid. 
Fractions of the supernatant fluid obtained by the use 
of Dowex-1 columns contained N'°-formyl-PGA and 
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a compound that was degraded to N‘°-formyl-PGA in 
neutral solutions (12). 

The properties and chemistry of synthetic com- 
pounds related to CF have been described in detail 
(14, 15). The lability of the N*°-formyl derivative of 
tetrahydro-PGA may be contrasted sharply with the 
rather marked stability of the N®°-formyl derivative 
(CF). Thus, N'°-formyl-tetrahydro-PGA can be con- 
verted to CF by an anaerobic process involving heat- 
ing. Such a conversion probably involves the interme- 
diate formation of a compound having a one-carbon 
bridge linking the N®°- and N?!°-positions. In neutral 
or mildly alkaline solutions such imidazoline com- 
pounds can yield CF under anaerobic conditions, or 
N’°-formyl-PGA under aerobic conditions. Upon ex- 
posure to oxygen, N'°-formyl-tetrahydro-PGA is 
readily oxidized to N'°-formyl-PGA, and the formyl 
substituent is readily removed by hydrolysis under 
mildly alkaline conditions. Recently Jukes (16) has 
directed attention to the instability of compounds in 
the folic acid series. 

The labile compound formed from PGA in these 
studies would appear to be a derivative of PGA at 
the tetrahydro level of reduction, since it yields CF 
upon heating and is labile upon exposure to oxygen. 
We refrain from adding to the complex terminology 
related to folie acid-like compounds (17) by naming 
this labile derivative of PGA prior to a clarification 
of its chemical nature. For the sake of brevity, as well 
as utility, it is designated as CFX. 

The results of investigations on the nature and 
activity of folic acid-like compounds occurring nat- 
urally in tissues or synthesized metabolically from 
p-aminobenzoic acid (PABA) or PGA are compatible 
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with the tentative interrelationship between such de- 
rivatives shown in Fig. 1. We suggest that a distine- 
tion between the enzymatic and the nonenzymatic 
phases of the formation of these folie acid-like eom- 
pounds is important to the interpretation of the ex- 
perimental observations. 

Certain microorganisms that require PABA syn- 
thesize from it compounds which appear to function 
as coenzymes and from which CF or PGA ean be de- 
rived; the formation of such compounds by these 
organisms can be inhibited by sulfonamides. Although 
PGA and CF have been regarded as derived metabo- 
lically from PABA, there is substantial evidence to 
show that PABA is more efficient than either PGA or 
CF in promoting the growth of these organisms and 
in counteracting the inhibition of their growth by 
sulfonamides (18-20). Woods (19) proposed that 
PGA and CF are not direct intermediates between 
PABA and the coenzyme but that they could be con- 
verted to such intermediates with varying efficiency 
by some organisms and not at all by others. Since 
PGA and CF may represent relatively stable prod- 
ucts formed by the degradation of a labile CF-like 
compound formed enzymatically from PABA, the ae- 
tivity or inactivity of PGA or CF would be related 
to the occurrence of enzymes capable of forming the 
labile cofactor-precursor from these stable deriva- 
tives. PGA and CF ordinarily do not counteract the 
chemotherapeutic activitity of sulfonamides, even 
though these compounds obviously are converted to 
functional cofactors in mammals, including man. This 
may be because PABA plays other roles of critical 
importance besides serving as a precursor of CF-like 
coenzymes. Consideration must also be given, how- 
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ever, to the possibility that parasitic organisms in- 
hibited by sulfonamides may be unable to obtain 
benefit from the tissue coenzymes that are formed in 
animals from ingested folie acid-like materials. 

Compounds having folic acid-like activity can be 
released by autolysis from forms occurring naturally 
in tissues, presumably by the action of the conjugase 
enzymes that degrade the polyglutamate compounds 
to forms that are available to the usual assay organ- 
isms, but the activity and role of these enzymes under 
physiological conditions is quite unknown. Keresztesy 
and Silverman (13) isolated CF from autolyzed horse 
liver and demonstrated its similarity to the active 
isomer of the synthetic form of CF (21). When liver 
homogenates were incubated under anaerobic condi- 
tions, these workers observed that after a brief au- 
tolysis the CF activity was a small proportion of the 
total folic acid-like activity, whereas upon continued 
autolysis the proportion of folie acid-like activity 
measurable as CF increased greatly (22). An attempt 
to separate the precursor of CF resulted in the isola- 
tion of a compound that was converted to PGA on 
alkaline hydrolysis and that had properties similar 
to those of N?°-formyl-PGA (23). It would appear 
that partial autolysis of liver resulted in the release 
of a substance that could yield folic acid-like com- 
pounds without activity for L. citrovorum, whereas 
upon continued incubation under anaerobic conditions 
the stable product formed was apparently CF. 

In metabolic systems the apparent amount or ac- 
tivity of compounds in the folic acid series may in- 
volve the interconversions indicated in Fig. 1 and also 
the inactivation of these compounds. The enzymatic 
cleavage of PGA and CF has been reported (24, 25). 
In 1949 Welch et al. (26) suggested that xanthop- 
terin, which, when incubated aerobically with homog- 
enates of liver, apparently ir reases their folic acid- 
like activity (27), may function as an inhibitor of 
the enzymatic inactivation of precursor compounds. 
More recently, Silverman and Keresztesy (23) ob- 
served that the precursor of CF in autolyzing liver 
could be converted to a microbially inactive product 
by a DPN-dependent reaction and that this inactiva- 
tion was blocked by sodium arsenite, Antabuse or 
xanthopterin. 

The metabolic alteration of PGA to a functional 
form requires the availability of suitable donors of 
carbon, hydrogen, and, for reactions involving the 
utilization of formate, a source of energy. Greenberg 
(7) reported that a compound that activated the 
transfer of formate to an acceptor compound (4- 
amino-5-imidazole carboxamide ribotide) in the syn- 
thesis of inosinie acid, can be derived enzymatically 
from dihydro-PGA with the mediation of ATP, DPN, 
and formate. During an attempted isolation, however, 
a compound that was identified as N'°-formyl-PGA 
was obtained. Nichol (28) has observed that the for- 
mation of CF from PGA by “sonic” extracts of 8S. 
faecalis/A requires the presence of ATP and DPN 
in addition to formate or serine. Kisliuk and Sakami 
(8) have noted an important distinction between for- 
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maldehyde and formate as sources of carbon for the 
formation of the B-carbon of serine. In the presence 
of tetrahydro-PGA, ATP was required for the utili- 
zation of formate in this system but not for the utili- 
zation of formaldehyde. The-role of homocysteine in 
these systems has not been elucidated. 

The relationship of CFX to the active cofactor is 
under investigation. By analogy with other cofac- 
tors, the functional form of the vitamin may be a 
nucleotide or dinucleotide. A pentose substituent at 
the 8-position of the reduced pteridine, as suggested 
by Welch and Heinle (29), would tend to stabilize the 
structure and this would make lability to oxygen less 
likely. By analogy with the structure of coenzyme A, 
the possible attachment of a phosphate substituent 
through the essential hydroxyl group at the 4-posi- 
tion should also be considered. CFX itself may be a 
derivative of the cofactor, since it was found in high 
concentration in the medium suspending the intact 
cells, while the enzymatic capacity to alter PGA was 
retained within the cells. The ability of PGA, CF, 
anhydroleucovorin, or tetrahydro-PGA to activate 
certain metabolic systems (5-8, 30) may reflect de- 
grees of refinement of such systems with respect to 
the capacity to form the functional derivative. The 
relationship of the polyglutamate pteridines to the 
active forms of the vitamin remains to be clarified. 
It is probable that the CF-series of compounds will 
be extended to include a group of polyglutamates 
that could include CFX or more complex forms. 

Our present studies (37) represent, in part, at- 
tempts to contribute to an explanation of the mecha- 
nism of resistance to folie acid antagonists in leu- 
kemia. It is apparent that experiments designed to 
investigate the manner by which a cell or organism 
circumvents the action of these toxic compounds must 
be concerned with the true product of the reactions 
blocked by these antagonists. The evidence that rela- 
tively stable CF and other folie acid-like compounds 
result from the nonenzymatic degradation of the me- 
tabolically formed product of the reactions suscep- 
tible to inhibition directs attention to the limitations 
of present techniques and alters the design of future 
experiments. The interrelationships indicated in Fig. 
1 represent our eurrent working hypothesis. 
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Frederick D. Heald, Dynamic Plant Pathologist 


REDERICK DeFOREST HEALD, plant 

pathologist, mycologist, botanist, and in all 

a scientist, died in Spokane, Washington, 24 

April 1954, at the age of 82. He had been 
professor emeritus since his retirement in 1941 from 
the positions of professor and head of the department 
of plant pathology in the College of Agriculture, and 
plant pathologist and head of the division of plant 
pathology in the Agricultural Experiment Station at 
the State College of Washington. Although he was 
not very active after his retirement, he certainly re- 
tired with an enviable record of professional achieve- 
ment that had long since won him international re- 
nown. 

Dr. Heald was born on 23 July 1872 at Midland 
City, Mich., the son of Henry Francis Heald and 
Hettie Charles Heald. After attending preparatory 
school, he entered the University of Wisconsin, where 
he received his B.S. and M.S. degrees. Following an 
additional year of intensive graduate study in plant 
physiology and plant pathology at the University of 
Leipzig, he received his Ph.D. degree in 1897. 

His first professional position was professor of 
biology at Parsons College, Fairfield, Iowa, which he 
held from 1897 to 1903. In 1903 he went to the Uni- 
versity of Nebraska, where he served successively as 
“adjutant professor” of plant physiology, as asso- 
ciate professor of botany and botanist of the Agri- 
cultural Experiment Station, and finally as professor 
of agricultural botany. In 1908 Dr. Heald moved to 
the University of Texas as head of the School of 
Botany, where he remained until 1912 when he went 
to work for the state of Pennsylvania and the U.S. 
Department of Agriculture as plant pathologist, in- 
vestigating biological factors involved in the serious 
chestnut blight epiphytotic. His contributions to the 
knowledge of the life-history of the pathogen and the 
means of spread of the disease gained him a reputa- 
tion as a very capable and dynamic plant pathologist 
and undoubtedly led to his appointment in 1915 as 
professor of plant pathology at the State College of 
Washington and plant pathologist in the Washington 
Agricultural Experiment Station. 
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By this time Dr. Heald was thoroughly convinced 
of the importance of plant pathology and was so 
enthusiastic about its bright future that he was able 
to persuade the college administration to create a 
separate department (from botany). This was aeccom- 
plished in 1918, and it is entirely logical that this 
tremendously energetic and courageous man was 
promptly installed as head of the new department. 

In 1899 Dr. Heald married Nellie Townley. Much 
of his outstanding professional development can be 
attributed to the construe- 
tive and balancing influ- 
ence of this brilliant 
woman who was as ambi- 
tious for her husband’s 
professional development 
as he was himself. From 
this marriage came three 
children, Doris (Mrs. A. 
H. Tonge), Henry and 
Marion (Mrs. Emil She- 
besta). Mrs. Heald died in 
1939. Her death left a 
great void in Dr. Heald’s life. In 1942 he married 
Charlotte Chamberlin. She and all three children 
survive him. 

Dr. Heald’s professional influence has been pro- 
nounced through accomplishments in research, teach- 
ing, and scholarly writing. In addition, the personality 
and drive of the man himself has had no small in- 
fluence on his students and associates. 

Although Dr. Heald is best known for his contri- 
butions to plant pathology, his first love was ex- 
pressed in plant physiology and in the biology and 
taxonomy of mosses. His earlier papers dealt with 
such diverse subjects as the histology of pulvini, re- 
generation in mosses, electric conductivity of plant 
juices, biology wall charts, and analytic keys to North 
American mosses. His first contribution in plant pa- 
thology, “Methods of investigating plant diseases,” 
came in 1905. From this point on, his papers dealt 
almost exclusively with plant pathology and mycol- 
ogy. Following his appointment at the State College 
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of Washington, two fields of interest predominated 
in his publications: cereal smuts and storage decays 
of pears and apples. In 1926 the Manual of Plant Dis- 
eases was published. This book served a very great 
need and quickly became the plant pathologist’s 
“bible” because it was a scholarly and exhaustive ref- 
erence book for so many plant diseases. It has been 
used in many different parts of the world. Yielding to 
the demand for a shorter version more adapted to 
single-term or single-semester courses in plant pathol- 
ogy, Dr. Heald wrote the Introduction to Plant 
Pathology. In 1941 he collaborated with C. 8. Holton 
in the publication of Bunt or Stinking Smut of Wheat 
(a World Problem). Besides his books, Dr. Heald 
was author or coauthor of more than 120 scientific 
papers, bulletins, and so forth, during a period of 45 
years. He also served as special editor for edition 2 
of Webster’s New International Dictionary, laboring 
evenings for several years preparing definitions of 
phytopathological and mycological terms. 

Dr. Heald was a member of various scientific and 
professional societies. He was president of the Amer- 
ican Microscopical Society in 1912 and of the Amer- 
ican Phytopathological Society in 1932. He was asso- 
ciate editor of Phytopathology for 8 years. He built 
up an unusually fine private library, for he subscribed 
to many periodicals, bought essentially every book 
that appeared on botany, mycology, and plant pathol- 
ogy, and exchanged reprints extensively. In 1944 he 
officially gave this library to the department he had 
founded and built. 

Just as’ his papers and books testify to unusual 
achievement in research and writing, so do Dr. Heald’s 
students testify to the man’s ability as a teacher. How 
many undergraduate majors in plant pathology were 
students of Dr. Heald is not known, nor exactly the 
number of graduate students, but at the State College 
of* Washington alone 15 graduate students have re- 
ceived the M.S. degree and seven the Ph.D. under his 
direction. These students are well distributed in re- 
sponsible positions all over the country, and their 
performance has attested the high quality of the 
teaching and direction they received. 

Dr. Heald’s students are impressively in agreement 
on his ability as a teacher. As one of them phrased it, 
After instilling in his students true appreciation 
for fundamentals in science and a desire for accur- 
acy, he guided by gentle urging and correction, which 
allowed them to learn as well from their errors as 
from adherence to his directions and suggestions. At- 
tacks by others upon his students or his staff he met 


with a ferocity of defense which usually carried the 
day and certainly was never forgotten. 


That teaching came naturally to him is witnessed 
by further testimony: 


I doubt that one could be blessed with a more nat- 
ural and inspiring teacher. 

He was so skilled an instructor, we did not know 
we were being taught. He was a very inspiring teacher 
who made the subject of plant pathology alive, fasci- 
nating, and interesting. 


Dr. Heald was also more than merely a teacher to 


his students. He took a strong personal interest in 
them. 


Dr. Heald was a father as well as a teacher. He 
was always fighting for the good of his students even 
to the point of dictating to his superiors. 

He had complete generosity, natural kindness and 
good nature [with his students], but he was on occa- 
sion as critical and adamant with his colleagues and 
superiors as he was understanding and forbearing 
with his students. 


Dr. Heald was also a very active man physically. 
He owned a small acreage near the campus and in his 
earlier days at Pullman he would often arise at 5 a.m. 
to work in his garden before going to his office at 
8 a.m. Then he would have a session of tennis or vol- 
ley ball in the late afternoon and work on his writing 
until 10 or 11 p.m. In all of his athletic activities he 
played to win and he disliked losing. He played in 
summer school tennis tournaments even when he was 
in his mid-sixties. On his 60th birthday he wrestled, 
and threw, a much younger and somewhat larger col- 
league (in a friendly spirit, of course). 

The man also had a pronounced sense of humor, 
specializing in puns. He could tell and enjoy good 
jokes with the best of them. 

I take this occasion to express my gratitude for 
the kindly personal interest, the patient forbearance, 
and the multiplicity of courtesies accorded me by Dr. 
Heald when I began my own professional career in 
1934 under his direction, and during the ensuing years 
as well. I wish to acknowledge the help of members 
of Dr. Heald’s family for data concerning his earlier 
life, and of his earlier students (that is, prior to my 
association) for testimony about his effectiveness as 
a teacher. 

Grorce W. FiscHER 
Department of Plant Pathology, 
State College of Washington, Pullman 


What we need is not the will to believe, but the wish to find out, which is the exact 
opposite —BERTRAND RUSSELL. 
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News and Notes 


Annual Meeting of the AAPT 


The 24th annual meeting of the American Associa- 
tion of Physics Teachers was held at the Hotel 
MeAlpin in New York, 27-29 Jan., concurrently with 
the annual meeting of the American Physical Society. 

Contributed papers occupied two sessions, and many 
excellent papers were presented. One of the most 
stimulating was “An experimental encounter with the 
equation of time” by Richard M. Sutton (Haverford 
College), and the most entertaining was “Demonstra- 
tion experiments” by Erie M. Rogers (Princeton Uni- 
versity). 

One day was devoted te a somewhat pressing topic 
continued from a year ago, namely, the role of physies 
in engineering education. Discussion at the morning 
session was based on reports from six eastern uni- 
versities of recent intramural conferences between 
their departments of engineering and their depart- 
ments of physics and at the afternoon session on re- 
ports by both engineers and physicists of last year’s 
conferences of the Society for Engineering Education, 
in particular, the ASEE recommendation that solid- 
state physics and nuclear physies be included in the 
engineering curriculum. The primary purpose was to 
acquaint the membership with what is being done and 
to get reactions. One came away with a feeling of en- 
couragement that the question of what physics can 
and should contribute to engineering education is at 
last being faced squarely by physicists and engineers 
throughout the country and that they are making good 
progress toward understanding each other’s view- 
points and settling differences in the interest of better 
engineering education. 

The long-standing problem of physics in the sec- 
ondary curriculum was the subject of a panel discus- 
sion under the following headings: report of the 
Berkeley meeting of AAAS on science teaching, the 
role of science in the secondary school, problems of 
the high-school teacher and the future outlook for 
science teachers. A symposium on audio-visual aids 
covered special methods in physies lecture demonstra- 
tions, science demonstrations on television, and the 
production of animated films in physics. A new film 
on stationary longitudinal waves and one on the prop- 
erties of liquid helium were shown. 

At the traditional joint session of AAPT and APS, 
the Oersted medal for notable contributions to the 
teaching of physics was presented to Vernet E. Eaton 
(Wesleyan University, Connecticut). The 13th Richt- 
meyer memorial lecture was delivered by Eugene P. 
Wigner (Princeton University), whose subject was 
“On the development of the compound nucleus model.” 

At the annual business meeting, special citations for 
meritorious service to the association were voted to 
William S. Webb (University of Kentucky) and Mark 
W. Zemansky (City College of New York). Officers 
for the coming year are president, R. Ronald Palmer 
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(Beloit College); president-elect, Walter C. Michels 
(Bryn Mawr) ; secretary, Frank Verbrugge (Carleton 
College) ; treasurer, Francis W. Sears (M.I.T.). 
Concurrent meetings of AAPT and ASEE will be 
held at Pennsylvania State University, 21-23 June. 
Austin J. O'Leary 
City College of New York 


Science News 


During the Joint Atomic Energy Committee hear- 
ings 31 Jan.—3 Feb. on the state of the atomic energy 
industry, the resignation of Kenneth D. Nichols, gen- 
eral manager of the Atomie Energy Commission, was 
discussed. Two senators cited this resignation as an 
example of “raiding” by private industry; then Sen. 
Albert Gore (D., Tenn.) said that his office is con- 
sidering the introduction of a bill that would bar an 
engineer, for 3 yr after his resignation, from working 
for a private firm on any project with which he had 
been connected while in Federal service. There is a 
similar law in effect that applies to Government law 
yers, but the ban runs for only 2 yr. 

Lewis L. Strauss, chairman of the AEC, stated that 
he would favor a bill such as Gore described; Com- 
missioner Thomas E. Murray would not. Murray 
stated that such a law would have most unfortunate 
effects on the effort to recruit AEC personnel. Gore 
still has the bill under consideration. 


Last summer the 18 nations on the United Nations 
Economie and Social Council unanimously adopted a 
resolution introduced by the Government of India ask- 
ing all governments, whether U.N. members or not, to 
study the problem of calendar reform and present 
their views by May 1955. The calendar that is under 
consideration is the 12-mo, equal-quarter plan called 
the World Calendar. The AAAS Council endorsed the 
World Calendar in 1935 and in 1954 the Board of Di- 
rectors reaffirmed this endorsement. The material that 
follows has been taken from the Journal of Calendar 
Reform that is published by the World Calendar 
Association, Inc., New York. 


In this proposed calendar every year is exactly the 
same; 1 January is always a Sunday. Each month 
has twenty-six weekdays plus Sundays. January, 
April, July, and October, the first months of each 
quarter, have thirty-one days ; the other months thirty. 
The calendar is stabilized by ending the year with a 
365th day which follows 30 December and is dated 
W, or Worldsday, a world holiday. (Leap-Year Day 
is similarly added after 30 June every fourth year, 
and becomes another world holiday.) 

The World Calendar is a workable synthesis of 
many proposals. Its key feature reaches back to 
1834 when an Italian priest, Abate Marco Mastro- 
fini, was struggling with the puzzle of how to fit 
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weeks, months, quarters, and half-years into a year 
of 365 days. Since 365 is divisible only by five, the 
puzzle had stumped the experts. But Mastrofini hit 
upon an ingenious solution: take the 365th day out 
of its weekday sequence, treat it as an extra holiday 
without a weekday name, and thus obtain, in effect, 
a year of 364 days, which can be divided evenly into 
fifty-two weeks. By the simple device of having one 
“blank” day any date of a given month will fall on 
the same day of the week every year. 

In 1952 Prime Minister Nehru named a calendar 
reform committee, and early in 1953 he publicly 
stated that today’s calendar, introduced by Caesar 
in 45 B.c., and readjusted by Pope Gregory in 1582, 
“has defects which make it unsatisfactory for uni- 
versal use.” Then in the fall of 1953 the Government 
of India proposed to the U.N. the adoption of The 
World Calendar. India officially stated this reform 
would overcome the “drawbacks of the present Gre- 
gorian Calendar. It is scientific, uniform, stable, and 
perpetual. It offers harmony and order to all strata 
of society—government, finance, industry, labor, re- 
tail trade, administration of justice, home life, trans- 
portation, and education.” 


Civil defense exercises and demonstrations at one 
of the atomic explosions in the 1955 spring test series 
in Nevada will be witnessed by hundreds of invited 
civilian observers. The series started in mid-Febru- 
ary. The “open shot” for civil defense exercises and 
demonstrations has been scheduled tentatively for 
mid-April and Lewis L. Strauss, chairman of the 
Atomic Energy Commission, has stated that the date 
will be announced about 1 mo in advance. He warned, 
however, that indefinite postponement is possible if 
weather conditions at the scheduled time are not suit- 
able for the detonation. 

The Federal Civil Defense Administration will in- 
vite state governors, as well as city and state civil 
defense officials and other observers, to witness the 
exercise, Representatives of press, radio, television, 
and motion pictures will also be invited. The tech- 
nical program to be held in conjunction with the open 
shot will be conducted jointly by FCDA and pri- 
vate industry. Observers will be able to inspect some 
test structures before and after the shot. 


A report on what appears to be the cause of a wide- 
spread rice disease, known in Java, Malaya, Ceylon, 
India, and Burma, has been published in the 5 Feb. 
issue of Nature by F. N. Ponnamperuma, R. Brad- 
field, and M. Peech, agronomists of Cornell Univer- 
sity. Browning of leaves and roots was observed in 
rice grown in greenhouse tests; this was traced to too 
much iron. No disease organisms were found to ac- 
count for the effect, which was similar to that caused 
by potassium deficiency. 


Cycloserine, a new broad-spectrum antibiotic that 
was discovered by Roger Harned and Elinor Kropp, 
microbiologists at the laboratories of the Commercial 
Solvents Corp., Terre Haute, Ind., has been found, in 
preliminary tests, to be effective against tuberculosis. 
Plans for putting the new drug on the market depend 
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on the results of the further studies that will be con- 
ducted beginning 1 Mar. by the Veterans Administra- 
tion as part of its chemotherapy program. 

Cyecloserine, which has been given the trade name 
Seromycin, has been administered orally to 37 tuber- 
cular patients at New Yorles Metropolitan Hospital 
since last September. Twenty-nine of these patients 
were chronic cases that had not responded to treat- 
ments with other antibioties during a year or more. 
Thirty-six patients showed clinical improvement; 
x-rays indicated some improvement in infected lung 
areas in 28 patients; 30 gained from 4 to 14 lb during 
a 16-wk period, and their fever was reduced; simple 
smears of sputum and gastric concentrates, previously 
positive for all 37 patients, became negative in 30. 

These preliminary results were reported by Israel 
G. Epstein, K. G. 8. Nair, and Linn J. Boyd of New 
York Medical College, on 9 Feb. at the 14th VA- 
Army-Navy conference on tuberculosis in Atlanta, 
Ga., which was held in cooperation with the National 
Tuberculosis Association. 

Cycloserine was also tried on infections of the 
genitourinary tract by George R. Nagamatasu and 
Lois Lillick of New York Medical College and Russell 
D. Herrold of the University of Illinois College of 
Medicine. They got good results in 46 of 62 stubborn 
infections that had resisted all other treatment. These 
last results were summarized at the Atlanta meeting 
by Henry Welch of the U.S. Food and Drug Admin- 
istration, Washington, D.C., who also reported his 
own test-tube studies of cycloserine. 


The development of an atomie “elock,” the Cesium 
Atomic Frequency Standard, has been announced by 
Jerrold R. Zacharias, director of the Laboratory for 
Nuclear Science at Massachusetts Institute of Tech- 
nology. He is working on a model so precise that if it 
had been ticking away since the time of Christ it 
would now be inaccurate by only 1% see. Manufacture 
of a commercial model of the clock has been under- 
taken by a company in thé Boston area and it will be 
available for many uses within a year. 

Associated with Zacharias in the work have been 
James G. Yates, an English electrical engineer who 
was a visiting professor at M.I.T. and is now at 
Trinity College, and Robert D. Haun, a research as- 
sistant in the department of physics at M.I.T. The 
device was developed in the research laboratory of 
electronics with support in part from the Signal 
Corps, the Office of Scientific Research, the Air Re- 
search and Development Command, and the Office of 
Naval Research. Zacharias will give technical details 
of the clock at a meeting of the Institute of Radio 
Engineers on 23 Mar. 

Time-keeping in the device is controlled by the 
oscillation of electrons in the cesium atom. As an 
electron revolves around the nucleus of an atom, it 
“wobbles” very slightly but at a constant rate. This 
unvarying rate of oscillation is reflected in the fre- 
quency of waves that are emitted. 

Cesium is an element that has a frequency of ap- 
proximately 9192.632 Mey/see, and it is this fre- 
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quency that serves as the unit of time in the clock. 
A metal crucible encloses 0.01 g of cesium. When 
heated to a temperature of about 100°C the cesium 
shoots a stream of atoms through a hole in the 
crucible. The atoms strike a detector screen, and their 
frequency is reported through a complex apparatus. 
The cesium emits atoms at a rate of about 1 million 
per second, but the loss is only about 1 wg/day and, 
for all practical purposes, the clock is perpetual. 
Standard time, with 1 see equal to 1/86,400 of the 
mean solar day and generally measured by the fre- 
quency of the oscillations of a erystal, is accurate to 
10-8 usee. The Atomic Frequency Standard is accurate 
to 10-* usee. Zacharias expects, through further de- 
velopment, to obtain aceuracy of 10-° usee. The 
Cesium Atomic Frequency Standard is similar to the 
“maser,” microwave amplification by stimulated emis- 
sion of radiation, developed recently at Columbia 
University but operates on a different principle. 


Hearings were begun 31 Jan. on H.R. 3005 to ex- 
tend the Selective Service authority to induct. In order 
to support the position that Selective Service is no 
longer selective and that it should be returned to 
operation on the basis of selection, the Engineering 
Manpower Commission and the Scientific Manpower 
Commission request information on specific case his- 
tories that appear to demonstrate the abandonment 
of the criterions essential to selection. Cases in which 
all appeal procedures were exercised would be par- 
ticularly useful. The EMC and the SMC would prefer 
to be able to use the information as is, but realize that 
many organizations are understandably reluctant to 
involve their companies and/or specific employees in 
such discussion. Upon request, therefore, the material 
will be used without identification of source. Data 
should be forwarded to W. T. Cavanaugh, Executive 
Secretary, Engineering Manpower Commission of 
Engineers Joint Council, 29 W. 39 St., New York 18. 


The Spanish Ministry of Agriculture has an- 
nounced plans to irrigate 1} million acres of unpro- 
ductive land at the rate of 125,000 acres/yr. The work 
will be carried out by the National Institute of Colo- 
nization, partly with United States equipment granted 
to Spain by the Foreign Operations Administration. 
The institute, directed by agronomist Angel Martinez 
Borque, was founded in 1939 for the purpose of im- 
proving and reclaiming land to increase production. 
It is empowered by law to expropriate land. The in- 
stitute permits owners of expropriated property to 
retain between 50 and 250 acres; the rest is pur- 
chased by the institute at the prevailing market value, 
which is assessed on the annual yield. The new 5- to 


10-acre farms that are created are sold to agricul-. 


tural laborers on moderate terms. 


A new chicken, the Beltsville broiler, which grows 
from a chick to a 3-lb bird in 10 wk, has been devel- 
oped by poultrymen at the U.S. Department of Agri- 
culture’s Beltsville, Md., research center. The result 
of 7 yr of experimental work, the broiler is a Silver 
Cornish-New Hampshire cross. Geneticists responsible 
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for the new bird emphasize, however, that the Belts- 
ville broiler is not a breed. They explain that it must 
be produced by mating the new Silver Cornish, also 
developed at Beltsville, and New Hampshire stock. 
The best characteristics of these parents are repro- 
duced only in the first generation. Although further 
work is needed with the breeding, the demand for the 
new broiler is already far greater than the supply. 
When available, limited numbers of eggs are sold to 
breeders and distributed to cooperating state experi- 
ment stations. 


Thomas Francis, Jr., director of the Polio Vaccine 
Evaluation Center at the University of Michigan, has 
issued the following statement concerning the security 
measures taken in connection with the forthcoming 
vaecine report. 


Only the Vaccine Evaluation Center receives all of 
the requisite data from all the Vaccine Field Trial 
Areas. These reports from all areas are subjected to 
uniform standards of interpretation, employing the 
sume criteria throughout for the final diagnoses and 
classification of cases reported to be poliomyelitis. 

It was agreed by everybody officially concerned 
with the Field Trial that no preliminary guesses or 
fragmentary estimates of results would be made by 
any agency prior to the report of the total results by 
the Vaccine Evaluation Center ; this agreement is still 
firmly in effeet. 

For security reasons the preparation of material 
for analysis is handled in such a manner that no 
person has more than a limited view of the data. 
The transcribing of information concerning cases to 
be entered on punch cards is done in code with dif- 
ferent persons preparing the various sections of the 
data: The Clinical and Epidemiological Reports, the 
Muscle Examinations and the Laboratory Reports. 
Diagnostic classification will be made without refer- 
ence to the vaccination status of the patient, so long 
as he is a member of the total study population. Ad- 
visory consultation on any phase of the work is con- 
cerned only with establishing criteria for analysis, 
not with results. 

Thus, when the various investigations leading to 
final diagnoses of a case are completed, the data are 
compiled in a series of codes which would be impos- 
sible to interpret without the proper keys. It has not 
been the practice to prepare preliminary evaluations 
at repeated inte*vals, since attention and effort have 
been necessarily focused upon the essential job of 
obtaining complete and accurate reports which will 
permit a reliable diagnosis of poliomyelitis and 
paralysis. 

When analyses are made, they are hundled entirely 
by certain designated members of the senior staff of 
the Center so that the information cannot be avail- 
able to others. There is, hence, little likelihood that 
significant information can be gained casually. It is 
even more unlikely that the professional staff of the 
Vaccine Evaluation Center will be communicative, ex- 
cept when the report is made. Due provision is made 
for maintaining this restrictive security throughout 
the period of preparation of the report and its pres- 
entation, When the results are presented, it is in- 
tended that they will be made available to all parties 
at the same time. 


283 


| 
a 
> 
y 
t 
t 
p 
t 
f 
] 
f 
0 
n 
t 
| 
1 || 


Scientists in the News 


Albert Szent-Gyorgyi, Hungarian-born winner of 
the 1937 Nobel prize in medicine who is now director 
of the Institute for Muscle Research at Woods Hole, 
Mass., was honored 10 Feb. at a dinner at the New 
York Academy of Sciences for his contributions to 
humanity. The dinner preceded a daylong conference 
on “Bioflavonoids and the capillary” at which all the 
work reported had its genesis in Szent-Gyorgyi’s dis- 
coveries in the 1930’s. Szent-Gyorgyi then isolated 
hesperidin as the factor that controls capillary fune- 
tion. It was later learned that ascorbic acid also has 
to be present in order that hesperidin exert its influ- 
ence upon capillaries. More than 500 professional 
papers have since been written on the subject to which 
these discoveries provided the key. Szent-Gyorgyi 
presided over the meeting and in addition was pre- 
sented with a citation dedicating the conference 
to him. 


Paul J. Kramer, professor of botany at Duke Uni- 
versity, will spend 6 to 8 wk this spring at the Ear- 
hart Plant Research Laboratory of California Insti- 
tute of Technology, where he will study the effects of 
different photoperiods and day and night tempera- 
tures on the distribution and length of growing sea- 
son of certain tree species. The series of experiments, 
supported by a National Science Foundation grant, 
will continue for 3 yr at both the Earhart Laboratory 
and Duke University under Kramer’s direction. 


Dennis Sikes, former professor of veterinary sci- 
ence at the University of Tennessee, joined the faculty 
of the School of Veterinary Medicine, University of 
Georgia, on 1 Feb. as professor and head of the 
department of pathology and parasitology. 


Leslie C. Dunn, director of the Institute for the 
Study of Human Variation, Columbia University, will 
deliver the 1955 Westbrook free lectureship on the 
subject of “Heredity and the human community” at 
the Wagner Free Institute of Science in Philadelphia 
on 14, 21, and 28 Apr. Individual topics to be discussed 
on these dates are “The essence of heredity,” “The 
community as viewed by a biologist,” and “The social 
direction of evolution.” 


Two visiting professors have been named this term 
in the division of the geologic sciences at California 
Institute of Technology. Felix Chayes, petrologist in 
the Geophysical Laboratory of Carnegie Institution, 
has been appointed visiting professor of petrology. 
William W. Rubey, geologist for the U.S. Geological 
Survey and chairman of the division of geology and 
geography of the National Research Council, is filling 
a 6-mo appointment as visiting professor of geology. 
He is known for his work on fluid mechanics as ap- 
plied to the geologic processes of running water, 
deposition, and sedimentation as well as for his stud- 
ies of the origin and evolution of the oceans. 
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Gordon Millichap, associate professor of pediatrics, 
St. Bartholomew’s Hospital Medical College, London, 
is conducting research in the department of pharma- 
cology at the University of Utah College of Medicine 
under the auspices of a British Medical Research 
Council fellowship. 


Aldo P. Truant, former associate professor of phar- 
macology at Tufts Medical and Dental College, has 
joined the staff of a new research laboratory, Astra 
Pharmaceutical Products, Ine., Worcester, Mass., as 
director of biological research. The laboratory will be 
in operation by 1 May. 


Donald A. Quarles, Assistant Secretary of Defense 
for Research, has appointed Edward B. Doll, chair- 
man of the physics department at Stanford Research 
Institute, director of the military effects group for the 
spring series of atomic tests to be conducted in 
Nevada. In addition to administrative supervision of 
the group’s activities, Doll will have charge of the 
scientific aspects of an extensive program dealing 
with the military effects of atomie weapons. He served 
in a similar capacity for the 1953 spring series in 
Nevada. 


Carl F. Speh, assistant director of utilization re- 
search for the U.S. Department of Agriculture, re- 
tired on 31 Jan. First as assistant chief of the Bureau 
of Agricultural and Industrial Chemistry, 1942-54, 
and later as assistant di- 
rector of utilization re- 
search, he was responsible 
for the development, co- 
ordination, amplification, 
and refinement of the bu- 
reau’s program of utiliza- 
tion research on cereal and 
forage crops, sugar, naval | 
stores, tobacco, tanning 
materials, and wild plants 
earried on at the four 
large regional laboratories 


Rn 


of the USDA. 

Speh graduated from 
Yale University with the 
Ph.D. degree in chemistry 
in 1906. He later did 2 yr 
of postgraduate work in organic chemistry at the 
same institution. His first job was as a chemist with 
the U.S. Forest Service in Washington, and it was 
here that he began his research on naval stores. From 
1908 to 1916 he carried on the same type of work at 
the department’s Bureau of Chemistry, where his re- 
sponsibilities included analyses of turpentine and 
rosin to establish their properties and determine their 
suitability for various uses, work on the distillation 
of pine wood, and the establishment of official United 
States rosin standards. 

From 1916 to 1927 Speh was secretary-manager of 
the Turpentine and Rosin Producers Association and 
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concurrently, 1925 to 27, secretary-treasurer of the 
Naval Stores Export Corporation, which he organized 
under the Webb-Pomerene Act. From 1927 to 1934 he 
was secretary-manager of the Pine Institute of Amer- 
ica, and from 1934 to 1936, secretary of the A.A.A. 
Gum Control Committee. His work during this period 
covered the planning and inauguration of all chemical 
and industrial research on naval stores, initiation of 
a timber conservation program, supervision of the 
research fellowship at Mellon Institute, and develop- 
ment of new uses for gum rosin and gum turpentine. 

Speh returned to Government service in 1936 as 
senior technologist in the naval stores research divi- 
sion of the Bureau of Agricultural and Industrial 
Chemistry. In 1938 he was made chief of that divi- 
sion, a position he held until he became assistant chief 
of the bureau in 1942. He served in this capacity until 
the reorganization of the USDA in January 1954 
when he became assistant director of utilization re- 
search. 


Charles E. Wilson, president of the board of scien- 
tifie directors of the Roseoe B. Jackson Memorial 
Laboratory, Bar Harbor, Me., has announced three 
new elections to the board: Charles H. Best, director 
of the Banting and Best department of medical re- 
search at the University of Toronto; Walter E. Hes- 
ton, chief geneticist of the National Cancer Institute, 
Bethesda, Md.; and John G. Kidd, pathologist-in-chief 
of the New York Hospital and Cornell Medical Col- 
lege. Other members of the board in addition to 
Wilson, who is vice president of the National Acad- 
emy of Sciences and professor emeritus of the Har- 
vard School of Public Health, are Frank A. Beach, 
department of psychology, Yale University; Clarence 
Cook Little, founder and director of the Jackson 
Laboratory; H. B. Andervont, senior biologist, Na- 
tional Cancer Institute; Leonard Carmichael, secre- 
tary, Smithsonian Institution; L. C. Dunn, profes- 
sor of zoology, Columbia University; John J. Morton, 
professor of surgery, School of Medicine and Den- 
tistry, University of Rochester; Richard E. Shope, 
member, Rockefeller Institute for Medical Research. 


Gerhard Herzberg, director of the division of physics 
of the National Research Council of Canada, has been 
elected an honorary fellow of the Indian Academy of 
Sciences “in recognition of his scientific eminence and 
of his outstanding contributions to knowledge.” 


During a sabbatical leave, and with the assistance of 
a U.S. Public Health Service grant, William F. Diller, 
associate professor of zoology at the University of 
Pennsylvania, will undertake cytological studies of 
protozoa at the department of biology, University of 
Mysore, Bangalore, India. 


Under the auspices of the Foreign Operations Ad- 
ministration and the U.S. Department of Labor's 
Bureau of Apprenticeship, N. R. Kuloor has joined 
Foster D. Snell, Ine., consulting chemists and engi- 
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neers, as a trainee chemical engineer. Kuloor, who 
will be with Snell about 4 mo, is on leave of absence 
from the Shri Ram Institute for Industrial Research 
in New Delhi, India, where he has worked as chief 
chemical engineer for more than 7 yr on the design 
and fabrication of pilot plants. The Shri Ram Insti- 
tute is a privately endowed foundation that provides 
assistance to industry on technical problems and per- 
forms applied research. 


Marshall C. Harrington, professor of physies at 
Drew University, has resumed his teaching duties 
after a 24%-yr absence on a UNESCO technical as- 
sistance mission in Baghdad, Iraq. During his stay he 
was concerned with developing facilities, planning the 
curriculum, and recruiting teachers for the physics 
department of the College of Arts and Sciences; in 
his first year in Iraq he also taught at the college. 
Following the completion of his UNESCO assignment 
he traveled in several European ec untries, and then 
spent a sabbatical leave visiting various English uni- 
versities to observe programs of undergraduate labo- 
ratory work in physics. 


Ralph B. Houlihan, who has been associated with 
Cutter Laboratories, Berkeley, Calif., since 1946, has 
been appointed associate director of research. During 
the past year, as director of biological research, he has 
been in charge of the production of the Salk-type 
polio vaccine. 


Necrology 
Raymond Asserson, 64, former assistant chief en- 
gineer for the Federal Communications Commission, 
Washington, D.C., 3 Feb.; Moses N. Baker, 91, retired 
editor of Engineering News, Upper Montelair, N.J., 
7 Feb.; William E. Galt, 50, psychologist, author, re- 
search associate for the Lifwynn Foundation, West- 
port, Conn., 5 Feb.; Theodore J. Hoover, 84, mining 
engineer, author, fish and game conservationist, dean 
emeritus of the Stanford University School of Engi- 
neering, Stanford, Calif., 4 Feb.; Hugh Keeling, 89, 
chief engineer in the building of New Delhi, India, 3 
Feb.; Joseph B. Kincer, 80, agricultural meteorologist, 
retired head of the Climatological Services Div. of the 
U.S. Weather Bureau, Washington, D.C., 14 Dee. 
Adolph Magnus-Levy, 90, physiologist, biochemist, 
pioneer in the fields of metabolism and diabetes, New 
York, 6 Feb.; Phillip H. Mitchell, 71, biochemist, 
physiologist, author, former professor and head of 
the biology department at Brewn University, Provi- 
dence, R.I., 2 Feb.; Charles J. Pannill, 75, pioneer in 
the development of radio communications, president 
of the Radiomarine Corp. of America and R.C.A. 
Institutes, New York, 7 Feb.; Edward Reiter, 59, 
oral surgeon, lecturer, Cleveland, Ohio, 5 Feb.; 
Queenie H. Shirley, 42, electrical engineer, instructor 
in physics and engineering at Assumption College, 


Windsor, Ont., 1 Feb.; Charles B. Sloane, 60, profes- 
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sor of chemistry at Seton Hall University, South 
Orange, N.J., 3 Feb.; Norman Strauss, 54, gastroen- 
terologist, author, former associate professor of medi- 
cine at New York Medical College, New York, 6 Feb.; 
Frederic A. Woll, 80, optometrist, author, professor 
emeritus and retired chairman of the hygiene depart- 
ment of City College, New York, 5 Feb. 


Meetings 


The New Jersey Academy of Science held its annual 
meeting in Chester on 31 Jan., during which the 
membership adopted a constitution and bylaws. The 
aims of the organization are 


To stimulate scientific education and research and 
the diffusion of scientific knowledge in the various 
departments of science; to promote fraternal rela- 
tionship among those engaged in scientific work; to 
assist in the development [of] and in making known 
the material and other resources of the State; to 
publish the reports of scientific investigations; to 
unify the scientific interests of the State; to encour- 
age interdisciplinary study and research; and to in- 
vestigate and report on any subject of science or 
industry, when called upon by any department of the 
State government of New Jersey. 


Papers were presented by Hirsch L. Silverman, 
Robert Zuck, and Michael Charney. The following of- 
ficers were elected: pres., Roger H. Charlier; v. pres., 
Robert Zuck; see., Courtland J. Daley, director of the 
audio-visual aids department of Cranford High 
School; treas., Hirsch L. Silverman. 


The second Microcirculatory Conference for Physiol- 
ogy and Pathology, sponsored by the American Asso- 
ciation of Anatomists, will take place 5 Apr. in the 
Benjamin Franklin Hotel, Philadelphia. 


The feasibility of consultation by pathologists 
through the medium of color television was explored 
for the first time by a 3-day symposium sponsored by 
the Armed Forces Institute of Pathology at its new 
building in northwest Washington. The meeting, 
which began on 17 Jan., was climaxed by a color 
television presentation that brought pathologists from 
different cities together for consultation. In Philadel- 
phia, at the hospital of the University of Pennsyl- 
vania, a surgeon performed an operation. A waiting 
pathologist there carried out an examination of the 
tissue removed; TV cameras then transmitted the 
picture to pathologists in Baltimore and Washington 
who assisted in the diagnosis. 

At the AFIP symposium, also for the first time, 
representatives from medicine and industry discussed 
how the newest communications medium can best be 
used in medical education and in the diagnosis and 
treatment of disease. Although color television has 
been used for several years in medicine and surgery, 
no evaluations have been made of this medium in the 
field of pathology. 


286 


Education 


Forty teenagers—eight girls and 32 boys—were 
named as finalists in the 14th annual Science Talent 
Search, a competition that began with 16,033 aspir- 
ants in high schools in all 48 states and the District of 
Columbia. Begun in 1942, the Science Talent Search 
is conducted by Science Clubs of America through 
Science Service. The awards are made by the Westing- 
house Educational Foundation, which is supported by 
the Westinghouse Electrie Corp. 

Named by a committee of judges as the nation’s 
most promising future scientists, the 40 students were 
awarded all-expense trips to Washington and a chance 
to compete for $11,000 in Westinghouse science 
scholarships. They arrived in Washington 24 Feb. to 
attend the annual 5-day Science Talent Institute, dur- 
ing which the winners were chosen and scholarships 
were awarded. The finalists were all graduating sen- 
iors from high schools in 17 states. 


The University of Texas Medical Branch in cooper- 
ation with the Texas Academy of Science is presenting 
a series of 16 weekly television broadcasts, entitled 
Man and Medicine, over KPRC in Houston. The 
program is given at Sunday noon. 


The new 325-bed, $6.5 million St. Vincent Hospital 
in Little Rock, Ark., operated by the Sisters of Char- 
ity of Nazareth, was dedicated recently. Fifteen rooms 
have been allotted to the laboratory section, which is 
connected with an accredited School of Medical Tech- 
nology. This school has been in existence since 1953 
and has just recently graduated its first students. In 
July 1954, the school was given a grade of 98 percent 
by the American Council of Medical Education. 


The High Voltage Engineering Corp., of Cam- 
bridge, Mass., will supply all the vital components 
of a 6-Mev Van de Graaff accelerator soon to be as- 
sembled at Imperial College, Kensington, England. 
The machine will be used in a program of fundamen- 
tal nuclear research conducted by Samuel Devons, 
professor in the college. 


Jonstruection has begun at Columbia University on 
a new physies research building to be known as the 
George B. Pegram Laboratory. Scheduled to be com- 
pleted in August, the building’s cost is estimated at 
$350,000, approximately $295,000 of which is being 
provided by the Atomic Energy Commission. The re- 
mainder will come from the income from a special 
bequest to the university that is available only for 
scientific purposes. The AEC will also provide the 
laboratory with a new 6-Mev Van de Graaff generator. 
Unlike the building, which becomes the property of 
Columbia, the generator will be on indefinite loan and 
will remain the property of the AEC. The machine is 
being made by the High Voltage Engineering Corp., 
Cambridge, Mass. The cost of the generator, auxiliary 
equipment, and installation will be about $450,000. 
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The laboratory—which is named for Pegram, a 
nuclear physicist and at present special adviser to the 
president of Columbia—will stand next to the eastern 
end of the present Pupin Physies Laboratories build- 
ing on 120th St. near Broadway. The main section of 
the three-story structure will measure 45 by 65 ft. A 
seven-story tower section will house the vertical ac- 
eélerator and its metal shieldr 

The new Van de Graaff generator will bring to 
three the number of nuclear particle accelerators at 
Columbia. The other two are the 385-Mev cyclotron 
at Nevis in Irvington-on-Hudson, N.Y., and the 
“baby” cyclotron in Pupin laboratory, both of which 
produce beams at energy levels of from 10 to 20 
Mev. The Van de Graaff machine will have the lowest 
power of the three, but its energy level will be readily 
adjustable up to a maximum of 6 Mev. 


Educational television was expanded to 11 stations 
by the addition of three new stations during the first 
weeks of January. Transmitting their first programs 
within a few days of one another were KCTS, Seattle, 
Wash.; WEDM, Munford, Ala., and WUNC, Chapel 
Hill, N. C. The three new stations can reach a poten- 
tial audience of about 5 million viewers, bringing the 
total population living within range of educational 
TV stations to nearly 20 million. Weekly schedules of 
the three new stations will soon total some 80 hr, 
raising the total weekly program output of educa- 
tional TV to more than 250 hr. The nation’s first state- 
wide network entered its initial stage of active pro- 
graming when Munford, main link in Alabama’s 
educational TV network, started regular telecasting 
on 15 Jan. 


Yale University’s Edwards Street Laboratory, sup- 
ported by the Office of Naval Research, is described in 
the February issue of the Yale Alumni Magazine. De- 
tails of the research under way there cannot be made 
public, but the laboratory came into being late in 1950 
when the U.S. Navy suddenly realized that, because of 
an inadequate harbor defense, it had temporarily lost 
command of the sea in Korean waters. Louis W. Me- 
Keehan, professor of physies at Yale and a retired 
naval captain, [Science 121, 54 (14 Jan. 1955)], 
persuaded both Yale and the Navy to join in a re- 
search and experimentation project dealing with 
harbor defense. McKeehan was director of the labo- 
ratory until July of last year, when he was succeeded 
by Andrew Patterson, Jr., associate professor of 
chemistry. Although he is a physical chemist, Patter- 
son worked in the field of underwater sound during 
World War II and has served as a consultant on 
sonar and related topics at the Navy Underwater 
Sound Laboratory in New London, Conn. The Ed- 
wards Street Laboratory is reported to be the only 
laboratory in the country working on the problems of 
harbor defense. 

All the activities of the laboratory, however, are 
not carried on in the Edwards Street building, which 
is for the most part oceupied by offices, a rapidly 
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growing library of books and scientifie papers, eal- 
culating machines, a machine shop, and photographie 
equipment. Field studies directly involving submarine 
mines have been carried on at Yorktown, Va., 
Charleston, 8.C., and New London, Conn., and much 
research in radar has been conducted in Narragansett 
Bay, R.I. 


Regionalization of health resources and services in 
defined areas to maintain highest levels of medical 
care has been advanced as a solution of the problem 
of continuous postgraduate education. Such a plan 
was brought forward in 1949 when grants of $1.2 
million were authorized under the Hospital Survey 
and Construction Act, but appropriation was halted 
heeause of the Korean War. In an article in the Feb- 
ruary issue of the Journal of Medical Education, John 
B. Grant of the Rockefeller Foundation division of 
medical and public health has outlined a plan that 
envisions an area hospital council, a system of inde- 
pendent hospitals integrated as one giant hospital 
with distant branches related as if they were wards 
or divisions of a large medical center. The purpose is 
to develop in the community hospital an approxima- 
tion of the teaching hospital. Grant describes the ad- 
ministration, activities, and support of 12 selected 
programs. . 


The 14th annual Frontiers in Chemistry lecture 
series started at Western Reserve University on 25 
Feb. with a presentation on “Recent advances in pho- 
tochemistry” by Albert Noyes of the University of 
Rochester. The balance of the program is as follows: 
4 Mar., “Chemistry of free radicals,” M. S. Kharasch, 
University of Chieago; 11 Mar., “Radiation chemistry 
of liquids,” Milton Burton, University of Notre 
Dame; 18 Mar., “Rearrangements in carbonium ion 
reactions of aliphatic and alicyclic compounds,” John 
D. Roberts, California Institute of Technology; 25 
Mar., “Effects of high-energy radiation on polymers,” 
A. M. Bueche, General Electric Co.; 15 Apr., “Aro- 
matic complexes as intermediates in substitution re- 
actions,” Herbert C. Brown, Purdue University; 8 
Apr., “Radiation chemistry of inorganic solids,” John 
A. Ghormley, Oak Ridge National Laboratory; 29 
Apr., “Formation and behavior of intermediates from 
neighboring group participation,” Saul Winstein; 22 
Apr., “Paramagnetie resonance studies in radiation 
chemistry,” Max S. Matheson, Argonne National 
Laboratory; 6 May, “Reaction mechanisms involving 
elemental sulfur,” Paul D. Bartlett. 


Color telecasts from an operating room at the Wal- 
ter Reed Army Hospital were used for the first time 
by the Army for nursing instruction during the Army 
Nurse Corps Postgraduate Workshop on Military 
Operating Room Nursing held 14-25 Feb. at the 
Army Medical Service Graduate School, Walter Reed 
Army Medical Center. Workshop participants in an- 
other room both saw and heard an operating surgeon 
progress through the various steps of an operation. 
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Available Fellowships and Awards 


Saint Louis University has been awarded an $8100 
grant by E. I. du Pont de Nemours and Co. for the 
general support of its Institute for the Teaching of 
Chemistry. A $4500 fund will provide 12 fellowships 
in chemistry for high-school and junior-college teach- 
ers who wish to attend the institute during the sum- 
mer. The fellowships provide tuition of $100 and 
living allowance of $180. 

In addition $3600 will support two fellowships for 
college graduates who wish to work toward an M.S. 
degree in the teaching of chemistry. A year’s study 
will prepare recipients of the fellowships to teach 
chemistry, physics, or mathematics in a secondary 
school. Each fellowship will provide $450 tuition and 
a stipend of $1200. Further information may be 
obtained from Dr. Theodore A. Ashford, Director of 
the Institute for the Teaching of Chemistry, Saint 
Louis University, St. Louis, Mo. 


The annual Aero-Corry research award competition 
for graduate and undergraduate engineering students 
has been announced by the Aero Supply Mfg. Co., 
Ine. The new competition was established recently by 
Aero Supply to encourage research and design in the 
field of aircraft fuel systems. A first-place cash prize 
of $1000—then $500, $300, and $100—will be awarded 
for the best research papers dealing with (i) complete 
fuel system design, and (ii) fuel system component 
design. 

Engineering schools are asked to encourage stu- 
dents to compete for the prizes. Circulars containing 
competition rules and fifteen sample problem state- 
ments are available. Among the suggested problem 
statements for possible research are “Ignition limits 
when hot air is used to transfer fuel” and “Behavior 
of fuel at temperatures below 20°F.” Entries for the 
1955 competition must be postmarked no later than 
30 Apr. and should be addressed to Aero-Corry Re- 
search Award, Aero Supply Mfg. Co. Inc., Corry, Pa. 


The University of Texas M. D. Anderson Hospital 
and Tumor Institute offers an extensive program of 
cancer fellowships and residencies that are under the 
auspices of the University of Texas Postgraduate 
School of Medicine. For information and application 
forms write to Grant Taylor, M.D., Office of Eduea- 
tion, The University of Texas M. D. Anderson Hospi- 
tal and Tumor Institute, Texas Medical Center, Hous- 
ton 25. 


To encourage the attainment of the highest stand- 
ards of scientific reporting, the American Heart Asso- 
ciation will present annual awards to the individuals 
whose creative efforts in any medium of mass com- 
munication are judged to have contributed most to 
public understanding of progress in research, and in 
the prevention, care, and treatment of heart and cir- 
eulatory disease. 

The deadline date for submission of entries for the 
3rd annual Howard W. Blakeslee awards has been 
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extended until 1 May. The number of awards and the 
media from which winners are to be selected will be 
determined by the judges; a minimum of $500 will be 
presented to the winner. 

In order to be eligible far the 1955 awards, mate- 
rials in the fields of press, magazines, books, radio, 
television, and films must have been published, issued, 
or produced between 1 Jan. 1954 and 1 Mar. 1955. 
Entry blanks and information may be obtained from 
the Chairman, Managing Committee, Howard W. 
Blakeslee Awards, American Heart Association, 44 E. 
23 St., New York 10. 


Grants and Fellowships Awarded 


The National Science Foundation has announced 120 
grants totalling approximately $1.6 million for the 
support of basic research in the natural sciences, for 
conferences and studies on science, for scientifie in- 
formation exchange, for the scientific manpower 
register, and for travel of American scientists to in- 
ternational scientific meetings. This is the second such 
group of awards to be made during fiseal 1955. 


Harvard University. G. R. Willey, Peabody Museum. Pre- 
historic settlement patterns in the Maya area, 1 yr, $11,500. 

Columbia University. J. Schilt, astronomy. Trigonometric 
parallaxes of stars, 1 yr, $2400. 

Indiana University. J. B. Irwin, astronomy. Photoelastic 
observations of southern cepheids, 1 yr, $5800. 

Brigham Young University. J. R. Goates, chemistry. Mecha- 
nism of adsorption of ions by silicate minerals, 1 yr, $5100. 

University of California, W. F. Giauque, chemistry. Ther- 
modynamic and magnetic properties of matter at low tem- 
peratures, 1 yr, $30,000. 

Cornell University. J. Meinwald, chemistry. 1,3 shift in 
molecular rearrangements, 2 yr, $11,000. 

Harvard University. G. B. Kistiakowsky, chemistry. Un- 
stable intermediates in gas reactions, 2 yr, $25,400. 

University of Illinois. B. R. Ray, chemistry. Transference 
numbers of salts in nonaqueous solvents, 6 mo, $3400. 

Iowa State College of Agriculture and Mechanic Arts. G. 
S. Hammond, chemistry. Primary products of thermal decom- 
position reactions in solution, 2 yr, $12,900. 

Johns Hopkins University. A. H. Corwin, chemistry. Syn- 
thetic studies on chlorophyll 2 yr, $13,900. 

Mellon Institute of InduStrial Research. F. A. Miller, re- 
search in chemical physics. Relative energies of polar and 
equatorial derivatives of cyclohexane, 2 yr, $6200. 

Northwestern University. A. A. Frost, chemistry. Molecular 
potential energies, 2 yr, $10,000. 

University of Pittsburgh. J. L. Rosenberg, chemistry. 
Chemiluminescence of photosensitizing organic dyes in con- 
densed systems, 3 yr, $10,700. 

University of Rochester. W. D. Walters, chemistry. Kinet- 
ics and mechanism of thermal reactions, 3 yr, $16,000. 

Smith College. M. D. Soffer, chemistry. Synthetic and 
structural investigations in the sesquiterpene series, 2 yr, 

9000. 


University of Washington. K. B. Wiberg, chemistry. Mecha- 
nisms of oxidation reactions, 3 yr, $17,000. 

Wayne University. C. Djerassi, chemistry. Alpha-amyrin 
chemistry, 2 yr, $16,000. 

University of Wisconsin. E. E. Van Tamelen, chemistry. 
Synthesis of alkaloids, 2 yr, $9000. 

Duke University. C. G. Bookhout, Duke University Marine 
Laboratory. Reproduction, life histories, and metamorphosis 
of shrimp, 1 yr, $3500. 

University of Chicago. H. Ramberg, geology. Thermody- 
namic study of minerals, 3 yr, $27,000. 

Columbia University. J. L. Kulp, geology. Carbon-14 dating 
of archeological and anthropological specimens, 1 yr, $10,000. 

Dartmouth College. J. B. Lyons, geology. Systematic com- 
positional variation in metamorphic minerals, 2 yr, $7200. 

Franklin and Marshall College. R. M. Foose, geology. Struc- 
tural patterns around the perimeter of the Beartooth Block 
in southwestern Montana, 2 yr, $10,000. 
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Johns Hopkins University. R. B. Montgomery, oceanography. 
Analysis of serial oceanographic observations, 2 yr, $9000. 

Lehigh University. H. R. Gault, Geology. Studies of car- 
bonate rocks, 2 yr, $6800. 

University of Minnesota. F. M. Swain, geology. Stratigraphy 
of bituminous deposits, 2 yr, $15,000. 

Paleontological Research Foundation. K. V. W. Palmer, 
paleontological Research Institute. Molluscan fauna of the 
Ocala Limestone (Upper Eocene) of westcentral Florida, 2 
yr, $11,900. 

Pennsylvania State University. C. lL. Hosler, College of 
Mineral Industries. Aggregation of ice crystals to form snow, 
2 yr, $10,000. 

Saint Louis University. R. R. Heinrich, geophysics and 
geophysical engineering. Atmospheric microoscillations and 
short-period microseisms, 3 yr, $36,000. 

Texas A. & M. Research Foundation. D. W. Wood, ocean- 
ography. Calcium carbonate solubility equilibrium in sea 
water, 3 yr, $20,000. 

Bureau of Reclamation, Devt. of the Interior. R. C. Mielenz, 
Design and Construction Div. Hydration of Portland Pozzolan 
Cement, 1 yr, $10,000. 

California Institute of Technology. C. B. Milikan and H. W. 
Liepmann, aeronautics. Stability of fluid flow, 2 yr, $23,000. 

Carnegie Institute of Technology. H. L. Toor, chemical 
engineering. Transfer of matter across gas-liquid interfaces, 
2 yr, $13,500. 

Georgia Institute of Technology. R. 8. Ingols, Engineering 
Experiment Station. Protein changes with chlorine, 1 yr, 
$7100. 

University of Illinois. M. E. Clark and O. M. Sidebottom, 
theoretical and applied mechanics. Inelastic behavior of col- 
umns, 1 yr, $8600. 

Kansas State College. R. C. Hall, chemical engineering. 
Effect of sonic vibration on the rates of mass transfer, 2 yr, 
$12,000. 

University of Maine. H. Gray, civil engineering. Moisture 
content and density of granular soils, 3 yr, $7900. 

Massachusetts Institute of Technology. J. G. Trump, elec- 
trical engineering. Fundamental processes in high voltage 
discharges in vacuum, 2 yr, $18,700. 

New York University. M. Telkes, Research Div. Solar en- 
ergy collectors, 1 yr, $7000. 

North Carolina State College. N. L. Nemerow, civil engi- 
neering. Mechanism of biochemical oxidation of organic matter, 
1 yr, $7000. 

Pennsylvania State University. W. E. Ranz, engineering 
research. Disintegration and dispersion of a liquid into drop- 
lets, 18 mo, $6300. 

Pennsylvania State University. A. H. Waynick, electrical 
engineering. Ionosphere observations by long wave radio 
methods, 1 yr, $10,000. 

Polytechnic Institute of Brooklyn. E. Weber, Microwave 
Research Institute. Electromagnetic networks and informa- 
tion-handling circuits, 1 yr, $10,000. 

Princeton University. A. E. Sorenson, mechanical engineer- 
ing, V. Olgyay and A. Olgyay, architecture. Thermal behavior 
of buildings by means of study of models, 2 yr, $19,100. 

Swarthmore College. C. Barus, electrical engineering. Elec- 
tronic instrumentation for neurophysiology, 1 yr, $7300. 

University of California, Berkeley. C. L. Hubbs, Scripps 
Institution of Oceanography, La Jolla. Ecological conditions 
associated with eruptions of human populations, 3 yr, $25,200. 

Duke University. P. J. Kramer, botany. Physiological proc- 
esses of forest tree species, 3 yr, $18,900. 

University of Notre Dame. A. L. Delisle, biology. Cytoge- 
netic studies on the asters, 2 yr, $5000. 

Union College. H. M. Butzel, Biology, W. B. Martin, Jr., 
chemistry. Mating type development and determination in 
paramecium, 2 yr, $8000. 

Brown University. H. Federer and W. S. Massey, mathe- 
matics. Topology and measure theory, 30 mo, $36,500. 

Carnegie Institute of Technology. A. Schild, mathematics. 
Relativistic particle mechanics, 2 yr, $8500. 

Dartmouth College. J. G. Kemeny, mathematics. Mathe- 
matical methods in the behavioral sciences, 1 yr, $10,000. - 

Illinois Institute of Technology. G. Berman, mathematics. 
Finite projective geometries, 1 yr, $6100. 

Morgan State College. L. I. Mishoe, mathematics. Eigen- 
function series for a non-self adjoint system, 1 yr, $4600. 

New York University. A. Douglis. Hadamard’s conjecture 
and related problems in the theory of wave propagation, 1 
yr, $7500. 

Oberlin College. J. D. Baum, mathematics. Topological 
dynamics, 1 yr, $3600. 

University of California, Berkeley. J. Neyman, mathemat- 
ies. The distribution of galaxies, 2 yr, $21,800. 
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Oklahoma Agricultural and Mechanical College. E. W. 
Titt, mathematics. A new approach to partial differential 
equations, 2 yr, $26,000. 

University of California. A. Tarski, mathematics. Theory 
of models, 2 yr, $19,800. 

University of Georgia. M. K. Fort, Jr., mathematics. Func- 
tional equations, 1 yr, $6500. 

University of Illinois. A. H. Taub, mathematics. Analytic 
program for digital computer, 1 yr, $14,500. 

University of Southern California. H. Busemann, mathe- 
matics. Geometry with nonsymmetric distances, 2 yr, $6600. 

University of Tennessee. W. Givens, mathematics. Continu- 
ous geometry, 18 mo, $13,300. 

University of Michigan. M. O. Reade, mathematics. Sub- 
harmonic, harmonic, and analytic functions, 2 yr, $12,600. 

University of Michigan. E. E. Moise, mathematics. Topol- 
ogy of manifolds, 30 mo, $13,600. 

University of Minnesota. H. Yamabe, mathematics. Struc- 
ture of manifolds, 2 yr, $11,100. 

University of Wisconsin. R. H. Bing, mathematics. Im- 
bedding sets in manifolds, 2 yr, $17,000. 

California Institute of Technology. R. B. Corey, chemistry. 
X-ray diffraction studies of crystalline proteins, 3 yr, $36,000. 

California Institute of Technology. L. Pauling, chemistry. 
Configurations and polypeptide chains in proteins, 3 yr, 
$30,000. 

Columbia University. S. Lieberman, obstetrics and gynecol- 
ogy. Steroid hormone biosynthesis by perfused human pla- 
centa, 3 yr, $25,000. 

University of Illinois. J. Larner, chemistry. Carbohydrate 
absorption ; synthesis and degradation of polysaccharides, 3 
yr, $16,000. 

Pennsylvania State University. R. Pepinsky, physics. Nu- 
cleic and desoxynucleic acid fragments, 2 yr, $20,000. 

Amherst College. T. Soller, physics. Metals and paramag- 
netic salts below 0.1°K, 2 yr, $19,500. 

University of California, Berkeley. D. 8S. Saxon, physics. 
Theoretical nuclear and atomic physics, 2 yr, $21,100. 

Indiana University. R. W. Thompson, physics. Construction 
of a double cloud chamber for research on fundamental par- 
ticles, 2 yr, $78,900. 

Midwestern Universities Research Association, University 
of Illinois. D. W. Kerst, University of Illinois. High-energy 
accelerator problems, 9 mo, $69,400. 

University of Pennsylvania. K. R. Atkins, physics. Super- 
fluidity of liquid helium, 2 yr, $22,200. 

University of Pennsylv ania. W. EB. Stephens, physics. Photo- 
nuclear and transmutation processes, 2 yr, $24,700. 

Principia College. S. L. Leonard, physics. Direet pair pro- 
duction by electrons of 200 to 500 Mev energy, 2 yr, $4200. 

University of Rochester. M. P. Givens, Institute of Optics. 
A study of solids with soft x-rays, 2 yr, $14,200. 

Stanford University. W. K. H. Panofsky, physics. Design 
study for high-energy magnetic spectrometers, 1 yr, $15,600. 

Vanderbilt University. I. Bloch, physics. Normal modes of 
vibration of nuclei, 1 yr, $9300. 

University of Washington. J. H. Manley, physics. Nuclear 
emulsion studies of pion-proton scattering, 3 yr, $9000. 

Yale University. V. W. Hughes, physics. Atomic beam mag- 
netic resonance investigations, 2 yr, $26,300. 

Harvard University. E. G. Heinemann, psychology. Simul- 
taneous contrast in human vision, 18 mo, $7600. 

Harvard University. P. Teitelbaum, psychology. Effect of 
hypothalamic lesions on behavior, 1 yr, $5000. 

Lehigh "niversity. N. B. Gross, psychology. Neurophysio- 
logical processes in the auditory cortices, 2 yr, $9600. 

Pennsylvania State University: J. F. Corso, psychology. 
Neural quantum theory of hearing, 1 yr, $7100. 

Stanford University. C. P. Stone, psychology. Behavior of 
hypophysectomized rats, 2 yr, $9100. 

University of Washington. M. H. Smith, Jr., 
Aspects of biological motivation 2 yr, $8900. 

Yale University. P. D. MacLean, psychiatry. Effects of 
hippocampal seizures on conditioned behavior, 1 yr, $7500. 

University of California, Berkeley. 8. Roberts, physiological 
chemistry. Hypothalamic regulation of pituitary function, 3 
yr, $24,000. 

University of California, Berkeley. L. Machlis, botany. 
Metabolic pathways in the filamentous fungus, ANomyces, 3 
yr, $15,400. 

Indiana University. E. D. Weinberg, bacteriology. Mutual 
effects of metallic ions and antibiotics, 2 yr, $6500. 

Rutgers University. A. F. Hopper, zoology. Role of thyroid 
gland in fish, 2 yr, $4000. 

University of Texas. J. A. Scott and E. M. Macdonald, 
medical branch. Nature of racial or species immunity, 2 yr, 
$12,000. 
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Washington University, St. Louis. T. Rosebury, bacteriol- 
ogy. Interactions of microorganisms indigenous to man, 2 yr, 
$12,250. 

University of Michigan. P. Dansereau, botany. Phytosocio- 
logical studies in the Canary Islands, 1 yr, $3500. 

University of South Carolina. H. W. Freeman, biology. A 
study of fish in the Wateree River system, 2 yr, $6300. 

American Academy of Arts and Sciences. P. G. Frank. The 
acceptance of scientific theories, 2 yr, $22,000. 

Carnegie Institution of Washington. Preliminary studies of 
a committee on radio astronomy, $€800. 

University of Michigan. Preliminary studies of the Na 
tional Astronomical Observatory Panel, $9700. 


Attendance at international meetings 

Second Inter-American Congress of I’sychology. American 
Psychological Association, $2000. 

Interim Council of the International Union of Biochemistry. 
S. Ochoa, biochemistry, New York University College of Medi- 
cine, $640. 

Interim Council of the International Union of Biochemistry. 
E. Stotz, biochemistry, University of Rochester, School of 
Medicine and Dentistry. 


Conferences in support of acience 

American Anthropological Association, Peabody Museum. 
Fifth international congress of anthropology and ethnology, 
$10,000. 

American Association for the Advancement of Science. In- 
ternational arid lands symposium and conference, $10,000. 

American Psychological Association. Conference on evolu- 
tion of behavior, $8600. 

California Institute of Technology. Conference on the 
theory of numbers, $5000. 

National Academy of Sciences. International conference of 
marine biological laboratory directors, $4000. 

University of Rochester. Fifth annual conference on high- 
energy nuclear physics, $4500. 

Wenner-Gren Foundation for Anthropological Research, 
Inc. Conference on man’s role in changing the face of the 
earth, $12,000. 

University of Wisconsin. Conference on metabolic aspects 
of transport across cell membrances, $4600. 


Education in the aciences 
University of Michigan. Research and training at the Uni- 
versity of Michigan Biological Station, 1 yr, $6900. 


Scientific information exrchanve 

Indiana University. Study on the history of psychology as 
a natural science, $2300. 

Massachusetts Institute of Technology. V. H. Yngve. Meth- 
ods of translating languages by machine, $18,700. 

National Academy of Sciences. Committee on international 
scientific unions, Office of International Relations, $7500. 

Smithsonian Institution. Biological sciences information 
exchange, $22,000. 

Smithsonian Institution. Publication of an annotated bibli- 
ography of termites, $3600. 


Scientific manpower 

American Institute of Physics. Maintaining the national 
register of scientific and technical personnel in the field of 
physics, 15 mo, $14,500. 


In the Laboratories 


Under the Colombo Plan, India will receive $33,600 
from Canada for the establishment of a Biological 
Control Laboratory. In this connection a field station 
will be set up at Bangalore to collect beneficial insects 
and other organisms in India and to import other 
insects and organisms with a view to utilizing them to 
destroy crop pests in India. 

The Government of Canada, with the concurrence 
of the Government of India, will provide an expert 
who will be assisted by an Indian scientist. Other 
countries will be able to secure parasites and preda- 
tors from the laboratory. 
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Beckman Instruments, Inc., Fullerton, Calif., has 
acquired the Specialized Instruments Corp. and 
Spinco Service Co., both of Belmont, Calif. These 
companies, to be operated as the Spinco Division of 
Beckman Instruments, mapufacture and distribute a 
line of instruments for advanced research in chemis- 
try, biophysics, and medicine. 


Seven industrial companies have signed as partici- 
pants in the nuclear-reactor research program at 
Armour Research Foundation of the Illinois Institute 
of Technology in Chicago. They are Are Equipment 
Co., Bryan, Ohio; Armour and Co., Chicago; Borg- 
Warner Corp., Chicago; Elgin National Watch Co., 
Elgin, Ill.; Illinois Tool Works, Chicago; Richardson 
Co., Melrose Park, Ill.; and U.S. Steel Corp. 


A new corporation to be known as the General 
Ultrasonics Co. has been organized in Hartford, 
Conn., by Alexander S. Keller, Stanley R. Rich, and 
Wilfred Roth. The company will handle the Rich-Roth 
“400” Ultrasonic Generator and associated trans- 
ducers and will manufacture and market other indus- 
trial ultrasonie processing equipment. 

Rich and Roth are the inventors of the Ultra-Vis- 
coson, the ultrasonic instrument for the continuous 
automatic measurement of viscosity. 


Established by Act of the Congress as the Govern- 
ment Hospital for the Insane, St. Elizabeths Hospital 
in Washington, D.C., observes its centennial this year. 
As part of the celebration, a meeting will be held 5-6 
May featuring invited guest speakers of international 
reputation. Among the several “firsts” with which the 
hospital is credited are the use of the malaria treat- 
ment for paresis and the adoption of psychodrama as 
a valuable therapeutic tool. Winfred Overholser, the 
present superintendent, is the fifth the hospital has 
had in its 100-yr existenee. 


Recently the Standard Oil Development Co. changed 
its name to Esso Research and Engineering Co. The 
change was of company name only and affected nei- 
ther the policies nor operation of the company. 


A sinter plant for producing iron oxide from pyrite 
ashes recently began operation at the Mo and Domsjé 
sulfite mill at Alfredshem in northern Sweden. This is 
the first such plant in the world to be installed in the 
cellulose industry. By means of the sinter process, the 
waste ash, a by-product, is now converted into a 
cokelike substance easy to transport and useful, with- 
out further processing, in the production of iron, 
Erratum : In the issue of 4 Feb. one line of the affiliation was 
inadvertently omitted from the heading to the article “A 
method of rapidly transferring a substance on paper to the 


origin of a chromatogram” by Garold F. Gregory. Mr. Greg- 
ory’s address is Iowa State College, Ames, Iowa. 


Erratum: In the news note on the President’s proposed 
budget for the National Institutes of Health that appeared 
on page 155 of the 4 Feb. issue of Science, the first figure 
given, $6,399,000, is the operating budget, not the total budget. 
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Book Reviews 


Neuere Probleme der Abstammungslebre — Die 
transspezifische Evolution. Bernhard Rensch. Fer- 
dinand Enke Verlag, Stuttgart, ed. 2, 1954. xi + 436 
pp. Illus. Paper DM. 47.00; cloth, DM. 49.20. 


Practically every chapter and subchapter of 
Rensch’s book on “trans-specifiec evolution,” that is, 
the origin of systematic categories higher than the 
species, ends with a sentence that sounds approxi- 
mately like this: 

In summary we can conclude that the reviewed 
evidence shows that the considered evolutionary event 
ean be explained in terms of the factors responsible 
for intra-specific evolution (mutation, changes in 
population size, selection, isolation). There is no 
reason to assume that other autonomous internal 
factors have been at work. 


Since these statements come from one of the world’s 
leading zoologists who at one time was a convinced 
Lamarckist and later has probably contributed more 
than anybody else to establish the importance of geo- 
graphic variations within the species in his classical 
work on Rassenkreise, the statements certainly do 
earry a great weight for anyone who is interested in 
the study of evolution. 

This is the second enlarged edition; the book origi- 
nally appeared in 1947. Even though the general 
plan has not been basically altered, several chapters 
have been entirely rewritten and others have been 
added. Trans-specifie evolution is considered from two 
main aspects: “cladogenesis,” that is, the branching of 
phyletic lines, and “anagenesis,” that is, the origin 
of progressive changes, of higher more complex 
structures. Problems of general significance for biol- 
ogy, such as evolutionary rates, irreversibility of evo- 
lution, origin of new organs and of morphological 
correlations, orthogenesis, degeneration and extine- 
tion of phyletic branches, increase of complexity in 
the structure of organisms, and the like, are discussed 
with great originality, with the evaluation of an im- 
posing amount of pertinent data. Chapters dealing 
with problems to which the author and his school have 
made personal contributions are particularly note- 
worthy. Remarkable among these is a discussion of 
the significance of allometriec growth for evolutionary 
advances based on very recent investigations carried 
out at Rensch’s laboratory at the University of 
Miinster. Stimulating, too, are other chapters of a 
more speculative nature, such as that on the possi- 
bility of existence and evolution of living things on 
cosmic bodies other than the earth and that on the 
origin of the phenomenon of consciousness and cog- 
nition (Bewusstseinerscheinungen). 

The significance of Rensch’s contribution to evo- 
lutionary literature lies, I think, in the fact that it 
provides a thorough discussion from a modern view- 
point of problems of evolution as approached by a 
thorphologist studying living fauna. These have pre- 
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viously been presented by Dobzhansky from the view- 
point of the geneticist, and therefore dealing prima- 
rily with variation at the subspecific level; by Simpson 
from the viewpoint of the paleontologist, and there- 
fore dealing primarily with the major features of 
evolution observed along the time axis; and by Mayr 
from the viewpoint of the systematist, and therefore 
dealing primarily with speciation and the origin of 
taxonomie categories. 

In this book we find a very learned and novel dis- 
cussion, especially for the American reader, of most 
of the classie problems of morphology that have 
aroused the doubts of many biologists concerning the 
validity of the Darwinian theory of natural selection 
for explaining evolutionary events. It is indeed grati- 
fying to see how convergent conclusions can be drawn 
starting from such different viewpoints and experi- 
ences. The value of genetic mechanisms in explaining 
morphological correlations could possibly have been 
presented in a more forceful way had recent work on 
polygenic inheritance and on correlated responses 
under selection been considered. As it stands, however, 
this book is certainly very important at the present 
stage of development of evolutionary studies. A 
translation into the English language would be very 
valuable. 

At a time when even scientists seem to favor the 
intervention of mysterious, unanalyzed, and often un- 
analyzable, almost mystic factors to explain natural 
events, it is indeed refreshing to read such a clear, 
down to earth discussion of the major problems of 
biology carried out with a detached and healthy scien- 
tifie attitude. 

Apriano A. Buzzati-TRAVERSO 
Scripps Institution of Oceanography 


The Mind and the Eye. A study of the biologist’s 
standpoint. Agnes Arber. Cambridge Univ. Press, 
New York, 1954. 146 pp. $3. 


The author of this group of essays is a well-known 
British botanist who, nearing the end of her active 
service, lays before us these studies of the basie as- 
sumptions, investigational methods, and modes of 
written description currently accepted among bio- 
logical workers, together with her conception of the 
metaphysical and philosophic implications of her 
science. Part I deals with the nature of biological re- 
search, the choice of a problem, the mode of discov- 
ery, the interpretation of data, the validity of con- 
clusions, and the writing of reports. Part II carries 
the argument to higher levels, with examination of the 
bases of scientific thinking, of fundamental assump- 
tions in biological research, of the role of antitheses 
in the description of problems, and of the value of 
metaphysical and philosophic theories in interpreta- 
tion. The author illuminates her argument with many 
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biological examples, often chosen from her own disci- 
pline. She quotes frequently from the literature of 
philosophy. The style is clear and precise, giving a 
sense of deep sincerity in a search for an understand- 
ing that will transcend appearances and find unity in 
the midst of diversity. 

The concluding chapter, setting the theme for the 
whole book deals with the relationships between sen- 
sory impressions and the higher mental life. The 
author writes: 


Kant ... wrote that it is essential for the achieve- 
ment of abstract thought “to emancipate the mind 
from the despotism of the eye.” To speak of “despo- 
tism” in this connection, prejudices the case from 
the outset; it is an unfair word, since the eye is, 
rather, the servant of the mind, to which it offers all 
its data for interpretation. . . . The activities of the 
sense organs, and the thinking of the brain, are all 
parts of an indivisible whole. ... Whereas Meta- 
physics studies “being” as such, and Natural Science 
(of the physico-chemical type) treats of the corporeal 
world, Natural Philosophy may be so defined as to 
link the two; it would connote that mental activity 
which ceaselessly weaves connexions between the 
planes of intangible “essence” and tangible “ex- 
istence.” 


The professional philosopher may find little novelty 
in the development of such ideas, but the biologist, 
usually immersed in the minutiae of observation or 
experiment, will do well to read this modest volume. 
Provisional and imperfect it surely is, as the author 
well knows, but it points a way toward deeper think- 
ing about basic causes and meanings which most biolo- 
gists have lost. She hopes that 

. its very inadequacies may stimulate others to 
cast an illumination, more powerful than my rush- 
light, upon the biologist’s road to reality. 


R. AMBERSON 
Department of Physiology, School of Medicine 
University of Maryland 


Relative Chronologies in Old World Archaeology. 
Robert W. Ehrich, Ed. Univ. of Chicago Press, Chi- 
eago, 1954. xii + 154 pp. Illus. Paper, $2.50. 


These papers were originally presented at a joint 
symposium of the American Anthropological Asso- 
ciation and the Archaeological Institute of America. 
Nine specialists from different regions attempted to 
build up a chain of chronological equations that would 
enable the student of comparative archeology to esti- 
mate the relative age of various cultures and to ob- 
serve the contacts between them. 

The assignment was an ambitious one and difficult 
to follow in the original, oral presentation. The care- 
fully edited book that has resulted is an invaluable 
tool for the professional archeologist and an interest- 
ing demonstration of method for outsiders. Highly 
recommendable is Helene J. Kantor’s opening paper 
on the situation in Egypt, cornerstone of any chrono- 
logical construction, whether relative or absolute, in 
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the ancient world. From here we wander through 
Palestine along a system of safe throughways to 
Northern Syria and Anatolia (where R. J. Braidwood 
and Hetty Goldman unveil new and precious foot- 
holds). We begin to feel somewhat uncertain as we 
turn west into the Aegean and become lost in Europe, 
only to be rescued by the vigorous editor. 

The other road leads east, into safe and relatively 
well explored Mesopotamia, on via Iran into the 
depths of China. Here a remarkable contrast occurs. 
Where contacts are rather unknown, the layman will 
have little trouble in following the story (China). 
Where precise knowledge is beginning to accumulate 
(Iran), the account becomes highly technical and ap- 
petizing for experts only. 

Attention is focused on relative chronology, a wise 
procedure. The material used is the everyday equip- 
ment of ancient man; witness the pots all over the 
text and cover of the book. There are moments when 
one would like to see art introduced into the story; 
after all we do have sculpture to tell us about Mesopo- 
tamia and North Syria. But the everyday criterions, 
when handled with cireumspection as they are in the 
best of these papers, have allowed old world archeolo- 
gists to resuscitate and articulate the world of early 
human progress. 

MacuTetp J. MELLINK 
Department of Classical Archaeology, 
Bryn Mawr College 


Biochemistry and Human Metabolism. Burnham S. 
Walker, William C. Boyd, and Isaac Asimov. Wil- 
liams & Wilkins, Baltimore, ed. 2, 1954. xii +904 
pp. Illus. $10. 


By changing the classical order of the topics of 
study, placing greater emphasis on proteins and 
amino acids, and by accenting human biochemistry 
rather than organic chemistry, the authors of Bio- 
chemistry and Human Metabolism have successfully 
combined the fundamentals of biochemistry with its 
clinical applications. The general plan of the first 
edition was not altered except for some minor changes, 
such as the inclusion of the section on acids and bases 
in the first chapter rather than in the appendix. The 
Brgnsted-Lowry concept of acids and bases is con- 
cisely explained and utilized to correct the prevalent 
though erroneous view among some clinicians that 
sodium or potassium ions are bases. Chapter 14 on 
“Proteins and starvation” has been completely re- 
written and considerably enlarged. 

Although protein and enzyme chemists may be en- 
thusiastic about the prominent place given to these 
subjects, the need for a 40-page chapter on “Repro- 
duction and heredity” and a 22-page chapter on 
“Cancer” in a biochemistry textbook may be ques- 
tioned, especially when lipids and lipid metabolism 
are discussed in only 16 and 20 pages, respectively. 

Typographical errors are, in general, rare. It is 
anomalous that amid is used for amide (p. 91), while 
the now outdated tryptophane for tryptophan is still 
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retained. Formulas for tristearin and various fatty 
acids are given in a “long” form, such as CH,CH,- 
CH,COOH for palmitic acid rather than the conven- 
tional shortened form, CH,(CH,),,;COOH (pp. 
119-121). 

In general the book should prove to be a valuable 
teaching aid for instructors and a stimulating text- 
book for medical students. To quote from the fore- 
word by John T. Edsall, it 


. . . has a freshness and vitality, in its general out- 
look and in the pattern of the presentation which 
give it a distinctive place among all the texts of 
biochemistry for medical students of which I am 
aware. 
WALTER FRAJOLA 
Department of Physiological Chemistry, 
Ohio State University 


The Theory of Metals. A. H. Wilson, Cambridge 
Univ. Press, New York, ed. 2, 1953. 346 pp. Illus. 
$8.50. 


This edition is a new work, not only in format, but 
also in that it is mostly rewritten and has been con- 
siderably enlarged. This, in spite of. the fact that 
two chapters of the former edition (the one on opti- 
cal phenomena and the one on superconductivity) and 
also the appendix on surface phenomena, including 
rectification, have been eliminated. Some of the other 
10 chapters follow the original outline with the ones 
on metallic structures and the structure of alloys now 
forming a special chapter each. A great deal of prog- 
ress has been made in the last 10 or 15 years, par- 
ticularly in the understanding, preparation, and the- 
ory of semiconductors. These are now discussed in a 
special chapter, but conductivity in semiconductors 
and thermoelectric effect, as well as magnetoresist- 
ance of semiconductors, are treated in the chapters 
on the formal theory of conduction and on the mecha- 
nism of conductivity. These two chapters are the core 
of the present work and are the most interesting and 
most carefully prepared. The book closes with an ap- 
plication of the variational principle to conduction 
phenomena (a method that was introduced in 1948 
by Kohler and expanded by Sondheimer) ; although 
mathematically more difficult, it is more powerful. 
The very large amount of both experimental and 
theoretical material that has been accumulated in the 
last decade has made it necessary to limit the mate- 
rial discussed to a certain arbitrary selection of fields. 

The British literature is discussed in some detail, 
but a large amount of material, particularly that of 
the Russian literature, such as the investigations of 
Pekar on effective mass, the important investigations 
of Gurewich on the contribution of phonons to ther- 
moelectricity at low temperatures, and Shifrins’ in- 
vestigations on semiconductors, has not been discussed 
by Wilson. 

The chapter on thermal and magnetic properties 
of metals contains a very careful discussion of lattice 
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specific heat, electronic specific heat, and a compari- 
son of the experimental data on specific heat with 
theory. Some of the magnetic properties, such as spin 
paramagnetism of free electrons and diamagnetism 
of free and quasi-bound electrons, as well as the rather 
complicated phenomena of the de Haas-alphen effect, 
are discussed in detail and up to date. 

One may wish that in a future edition the chapter 
on semiconductors—for the theory of which the au- 
thor has laid the foundation—would be somewhat en- 
larged and brought up to date. It is a surprise to read 
“that cuprous oxide has been given more attention 
than any other semiconductor.” With all the past 
and present work on germanium it is also somewhat 
surprising that a numerical example chosen for ger- 
manium is one that would hardly be found in practice 
(10° impurity centers/em* and an activation energy 
of 0.03 ev). The author is well known for his careful 
and elegant mathematical deductions and considera- 
tions. The reader will find a large amount of mate- 
rial, particularly in the chapter on the mechanism of 
conductivity, that is not available in this form in 
other books in the field. 

Kart Lark-Horovirz 
Department of Physics, Purdue University 


Abbandlungen aus der Sowjetischen Astronomie. 
Folge II. Gesellschaft fiir Deutsch-Sowjetische 
Freundschaft; Otto Singer, Ed. Verlag Kultur und 
Fortschritt, Berlin, 1951. 223 pp. Illus. DM 12.20 
($2.93). 


This volume contains 13 German translations of 
Russian papers published in 1950. Most of these are 
of cosmogonical interest which is not surprising as 
Russian astronomers have made important contribu- 
tions in this field in recent years. The publication of 
these volumes, as the publication of companion vol- 
umes on Russian physies, can only be heartily wel- 
comed since the number of Western scientists capable 
of easily reading Russian papers in the original is 
still much smaller than the number of those who can 
read German. 

The volume opens with two papers by Schain and 
Hase (Uspekhi Fiz. Nauk 43, 3 [1950]; Izvest. Krim- 
skoi Astrofiz Obs. 5, 24 [1950]) on the occurrence 
of C' in stellar atmospheres. 

The second group of papers is by Parenago and 
Massewitsch (Astr. Zhur. 27, 41, 137, 150, 202, 329 
[1950]). Two papers deal with the mass-luminosity- 
radius relation. The first paper considers the empir- 
ical data and the second tries to give a theoretical in- 
terpretation of these data. The other three papers in 
this group deal respectively with star velocities show- 
ing the differences between high and low velocity 
stars (Baade’s populations are, however, nowhere 
mentioned!), with the gravitational potential of our 
galaxy, and with masses of eclipsing binaries. 

Then follows a paper by Gurewitsch and Lewin 
(Astr. Zhur. 27, 273 [1950]) on the formation of 
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binaries. This diseusses the statistics of formation 
and disruption of binary systems without, however, 
mentioning Chandrasekhar’s work in this field. 

Next is a polemic between Woronsow-Weljaminow 
and Ambarzumjan (Astr. Zhur. 27, 211, 228 [1950]) 
on the question of whether or not hot giants occur in 
so-called associations—which play such an important 
role in recent Russian cosmogonical theories. 

The longest paper of the volume is one by Ambar- 
zumjan (Soob. Bjurakonskoj Obs. 6, 3 [1951]) whieh 
summarizes his work and that of his group on flue- 
tuations and their importance for apparent star dis- 
tributions on the celestial sphere. 

After an article by Hetmanzew and Ginsburg 
(Zhur. Eksp. Teoret. Fiz. 20, 347 [1950]) on the 
possibility of localizing radio sources by studying the 
diffraction of radio waves by the moon,.the volume 
closes with an article by Woronsow-Weljaminow 
(Astr. Zhur. 27, 285 [1950]) on planetary nebulae. 

D. TER Haar 
St. Salvator’s College, The University, 
St. Andrews, Scotland 


The Manual of Antibiotics, 1954-1955. Henry 
Welch, Ed. Medical Encyclopedia, New York, 1954. 
(Order from American Pharmaceutical Assoe., 2215 
Constitution Ave., N.W., Washington). 87 pp. $2.50. 


This book presents for the first time in one source 
a ready reference to antibiotics and their preparation. 
It lists the preparations, therapeutics index, trade and 
generic names, and the names and addresses of pro- 
ducers and manufacturers of all existing antibioties 
and their preparations commercially produced and on 
markets at the time of publication. 

It should prove valuable as a reference, because of 
the multiplicity of trade names for the same anti- 
biotic, to members of the health profession, especially 
the physician, dentist, veterinarian, pharmacist, and 
others engaged in the use of these drugs. 

The antibiotics and their preparations are alpha- 
betically tabulated by their generic terms. The trade 
names given these products by each manufacturer are 
listed side by side with the generic equivalent.. Under 
each of the generic terms is found the indication for 
each drug and preparation. The antibiotic prepara- 
tions also, for ease of use, are alphabetically tabu- 
lated, both by trade and generic terms in separate 
indexes and in an index of all manufacturers with 
their addresses. 

It is necessary to check only the trade-name index 
to identify a trade-name product. Opposite the trade 
name in question is the page number on which is the 
generic term, along with the active ingredients and 
indications for the preparation, in addition to all 
other trade names assigned to the products. 

The author states that periodic revision of this 
manual is planned to keep up to date the ever-in- 
creasing list of antibiotiés and their pereparations. 

Hurp M. Jongs, Jr. 
School of Pharmacy, Texas Southern University 
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Formation des Continents et Progression de la 
Vie. H. Termier and G. Termier. Masson, Paris, 
1954. 135 pp. Illus. + plates. Paper, Fr. 750. 


Orogenesis and tectonics, stratigraphy and paleon- 
tology are carefully used té introduce the reader to 
the initial appearance and subsequent expansion of 
life on the earth. Little credence is put in phantom 
continents, or those that have had only a legendary 
existence, and the authors work toward an over-all 
synthesis that precludes acceptance of the continental 
drift theories of Wegener and Argand. The Termiers 
make a distinct contribution by giving present-day 
examples of phases of the geologic process, illus- 
trated, for instance, by the photo of a group of starv- 
ing hippopotamuses wallowing in a diminutive mud- 
hole left by the drying up of Lake Rukwa in Tangan- 
yika in 1950. These huge mammals were unable to 
escape catastrophe by migrating in time to a more 
humid area. 

Even the spectacular geologic phenomena obey regu- 
lar laws, but a disconformity was experienced in the 
evolutionary process with the appearance of man who 
is capable of thought processes. The lack of speciali- 
zation of his hands and the possession of a brain gave 
him superiority over all other animals. The authors 
regard as significant the fact that up to about 100,000 
years ago man lived only in the hot and subtropical 
zones. During the first three glacial epoths man mi- 
grated equatorward with the other fauna. By the time 
of the fourth period of glaciation he could clothe and 
warm himself and was able to adjust to climatic ex- 
tremes. Modern man has proved to be a powerful 
geologic agent, in such activities as mining coal, dam- 
ming streams, reclaiming land from the desert and 
from the sea, and so on. 

This succinct, well-written work is recommended to 
the general reader. 

Raymonp Crist 
Department of Geography, University of Florida 


Pigment Cell Growth. Proc. of the Third Confer- 
ence on the Biology of Normal and Atypical Pig- 
ment Cell Growth. Myron Gordon, Ed. Academie 
Press, New York, 1953. 365 pp. Illus. + plates. $7. 


It may be questioned whether or not the study of 
pigment cell growth is developing rapidly enough to 
justify publication of comprehensive reports every 
few years. Nevertheless, for anyone who wants to be- 
come familiar with current work and find a guide to 
that of the past, this volume forms an adequate intro- 
duction. 

The papers consist for the most part of more or 
less extensive reviews of recent investigations in pig- 
mentation. To a biologist, the coverage will seem to be 
narrow—that is, to be weighted on the side of human 
and mammalian pigment cells. Two papers are con- 
cerned with structure of melanins and melanin syn- 
thesis, three with lower vertebrates (fish, frog, axo- 
lotl), two with the chicken, five with the mouse, and 
ten with man. The emphasis is also heavy on disease: 
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there are eight papers on melanomas, two on earci- 
nomas, and one on acanthosis nigricans, compared 
with five on biochemistry of pigment, two on embry- 
ology, two on genetics, and one on the relation of 
endocrine glands to pigmentation in the fowl. The 
invertebrate animals are not treated. 

As is usual in publications of this kind, the papers 
vary in length and quality. The longest, as well as 
the most comprehensive, paper is that on the strue- 
ture of melanins by H. 8. Mason, a valuable review 
of the chemistry of melanin formation. The book is 
well printed on glossy paper and extensively illus- 
trated with graphs and photographs. The reprodue- 
tion of the halftones is first rate. 

One gratifying outcome of the conference was an 
agreement on the terminology to be used for pigment 
cells. The definitions adopted for melanoblast, melano- 
cyte, macrophage, and melanophore were also ap- 
proved by the Subcommittee on Oncology, Division 
of Medical Sciences of the National Research Council 
and, hence, may be expected to have a more uniform 
use in the future. 

GraHaAmM DuSHANE 
Department of Biological Sciences, 
Stanford University 


Explaining the Atom. Selig Hecht. Rev. by Eugene 
Rabinowitech. Viking, New York, 1954. xviii + 237 
pp. Illus. $3.75. 

It is a well-known fact that the distinguished scien- 
tist, when writing a popular book on his special field, 
underrates the difficulty of the ideas he is familiar 
with and so produces a book for his colleagues but 
not for the general public. The outstanding popular 
book on the atomic bomb has been written not by a 
nuclear physicist but by a great expert in another 
field of science. In 1946 Selig Hecht, professor of 
biophysics, wrote Explaining the Atom, the book that 
gave to many thousands an understanding of atomic 
structure and nuclear energy. The author’s incentive 
was as much scientific interest as a sense of respon- 
sibility of the citizen who sees a new world coming 
and wants to propagate an understanding of the driv- 
ing forces. 

After the untimely death of the author, Eugene 
Rabinowitch brought the book up-to-date by many 
minor changes. The vivid style of Selig Hecht, who 
told the story of discoveries rather than deseribed de- 
tail, is fully preserved. Hecht’s book ends with the 
sections “The atomic bomb is built,” and “The secret 
is out.” 

Rabinowitch, known to the public as editor of and 
contributor to the Bulletin of the Atomic Scientists, 
continues the story to the level of 1954. He describes 
the later development of the fission bomb and, more 
fascinating, the new “superbomb.” Here he discusses 
Bethe’s carbon cycle and the fusion reactions between 
hydrogen isotopes and lithium leading to therine- 
nuclear reactions. They allow the construction of the 
famous bomb whose size is not subject to limitations 
(except the carrying capacity of a plane) and whose 
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price is presumably much lower than that of a large 
fission bomb. A separate chapter is devoted to 
“Atomie power.” 

The chapters contributed by Rabinowitch empha- 
size the idea of Selig Hecht: to inform the citizen 
of the indispensable background of physics as well as 
to point out the relation of nuclear energy to the in- 
dustrial development and domestie and foreign policy. 
The scope of fission is evident from the recent esti- 
mate that “the world resources of commercially utiliz- 
able fissionable material are fifty times greater than 
the world resources of commercially utilizable fossil 
fuels.” This estimate, however, seems to include all 
uranium and thorium irrespective of the efficiency of 
the breeding process which leads to the fissionable 
isotopes. 

Rabinowitch closes with an optimistic prospect: 


We live on the continuous but finite surface of a 
sphere of which any part can be reached from any 
other part in a few hours. It is obsolete to suppose 
that such a surface can be artificially maintained in 
a fractional state of national groups . . . the sooner 
all peoples join in some law-abiding extranational 
order, the better for us who hope for civilization. 


The second edition of Selig Hecht’s book is as ex- 
cellent as the first edition for the instruction of the 
citizen who wants a sound foundation for his judg- 
ment on domestic and international policies as affected 
by the new energy. 

O. OLDENBERG 
Department of Physics, Harvard University 


Linear Transient Analysis. vol. 1, Lumped-Parameter 
Two-Terminal Networks. Ernst Weber. Wiley, New 
York; Chapman & Hall, London, 1954. xiv + 348 
pp. Illus. $7.50. 


Linear Transient Analysis is a textbook containing 
material appropriate for a basic graduate course in 
transient analysis. It is also of value to practicing 
engineers who will find four methods of solving linear 
transient problems gathered together in one volume. 
The book is unique in this respect. In presenting the 
classical solution of network response, the Heaviside- 
Jeffreys’ operational caleulus, the Laplace transfor- 
mations, and the Fourier transform, Weber has laid 
bare the mystery of transients. To those devotees of 
the Laplace transform who would shun the classical 
or Heaviside methods, he answers: 

Fundamental knowledge, real understanding of any 
subject matter, must be independent of the form in 
which it is presented or in which we had our first in- 
troduction to it. The greater the variety of possible 
expressions for the same basic relationship, the clearer 
will be the concept recreated in the mind of the 
searching individual. 


The chapters are laid out in a well-integrated order. 
The first chapter deals with concepts of circuits and 
networks that might ordinarily be overlooked in un- 
dergraduate work but are the essence of advanced 
cireuit analysis. Classical solutions of network re- 
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sponse follow in the second chapter where solutions 
of first- or second-order systems are presented for a 
number of source functions. The third chapter is a 
27-page digression into the fascinating area of ana- 
logues and duals. Lagrange’s equations of motion and 
electromechanical systems are treated briefly in this 
chapter. Following the chapter on Heaviside-Jeffreys’ 
operational calculus, there is a treatment of the La- 
place transform method. Here Weber relies rather 
heavily on physical justification for mathematical 
operations, but he is careful to point this out. The 
indicial response function is given importance as the 
key to the solution of linear transient problems in- 
volving arbitrary driving functions. The last chapter 
is concerned with the spectrum concept and takes up 
Fourier series and Fourier integrals. The treatment 
of what might be called nonideal periodic wave forms 
is a unique feature of this chapter. 

There is a generous appendix of six parts: “Nota- 
tion, symbols, and glossary”; “Electromagnetic fields 
and energy relations”; “Determining roots of poly- 
nomials”; “Matrices and determinants’; “Functions 
of a complex variable”; and “General bibliography.” 
The bibliography is excellent and the footnoting of 
the volume is unusually liberal. Weber’s prose reads 
well and appears to be quite adequate for its purpose. 

L. Dante, RuNKLE 
Electrical Engineering Department, 
Rensselaer Polytechnic Institute 


Connective Tissues. Trans. of the Fourth Confer- 
ence, Feb. 18-20, 1953. Charles Ragan, Ed. Josiah 
Macy, Jr., Fdn., New York, 1953. 197 pp. Illus. 
$3.75. 


The informal conversational style of these confer- 
ences is again followed in this meeting. The chapter 
titles indicate in only a very general way the content. 
They are “General areas of agreement reached in this 
conference group”; “Isolation and characterization of 
mammalian striated myofibrils”; “The effect of vita- 
min A on organ cultures of skeletal and other tis- 
sues,” and “Outline of problems to be solved in the 
study of connective tissues.” 

The first chapter is extremely interesting in that it 
brings out the almost abysmal problem of word mean- 
ing and the difficulties in communication that neces- 
sarily follow. The diseussants formulated an outline 


related to connective tissues, but they had only “rela- 


tive unanimity” and not real agreement on the con- 

cepts involved. In my opinion a statement by one of 

the diseussants very nearly summarizes this chapter: 
I think we are quibbling. We are reaching the point 
where we are merely using words and I think none 
of us knows what he is talking about. 


The next two chapters are concerned with some 
extremely interesting observations on myofibrils and 
the effect of vitamin A on certain tissues. The per- 
tinence of these subjects toward increasing our under- 
standing of the scope and function of connective 
tissues seems rather remote. 
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The last chapter is devoted to a discussion of the 
problems of the structure and function of connective 
tissue. Reference is made to the difficulties encoun- 
tered in trying to correlate the observations of the 
histochemist and biochemist on the localization and 
content of connective tissue substances. One of the 
most interesting problems advanced was that of 
whether the parenchymatous structures depend on the 
surrounding connective tissue stroma for their func- 
tional capacity. This concept was discussed by Gersh 
and Catchpole in 1949 and has since been beautifully 
elaborated upon by them and others. 

This little volume is interesting but is not a valu- 
able addition to this field. 

JoHN A. ARCADI 
Brady Urological Institute, Johns Hopkins Hospital 


Grundlagen und Praxis chemischer Tumorbeband- 
lung. Zweites Freiburger Symposion an der Medi- 
zinischen Universitits-Klinik. J. Pirwitz. Springer, 
Berlin, 1954. 289 pp. Illus. Paper, DM. 45. 


Cancerization of cells is an irreversible process con- 
sisting of damages that gradually involve a great 
many self-duplicating cytoplasmatic particles of 
macromolecular structure (Druckrey) and result in 
preinvasive intraepithelial carcinomas of 1- to 20-yr 
duration (Schubert). Cancer is not a problem of 
heredity (K. H. Bauer). Cancer in adults might be 
the response to agents that acted in childhood. [It is 
apparently unknown in Germany that this was 
already recognized and proved in 1939 (S. Peller, 
Cancer in Man, International Univs. Press, New 
York, 1952, pp. 307-310) ]. 

Most anticancer agents are cytostatica. They attack 
growing cells during the late interphase, when deoxy- 
ribonucleic acid is being duplicated (Marquardt). 
True mitotic poisons are rare. Within the limits in 
which rapidly multiplying normal tissues are not 
severely damaged, the available agents do not kill ean- 
cer cells but weaken them enough to give the broken- 
down defense mechanism a chance (Lettré, Domagk). 
Mutations of the treated cancer cells cause the dimin- 
ishing effectiveness of therapy (Burchenal). Since 
the chemical deviations of the cancer cell from the 
normal cell are too small, development of cancer-cell- 
specific poisons is unlikely. Cytostatica have much in 
common with x-rays (radiomimetica, Boyland). Sur- 
geons should utilize chemotherapy against cells dis- 
seminated during operation, and so forth (Kraus). 
So far no human cancer was cured by chemotherapy 
(Heilmeyer, Pirwitz). Cures of prostatic cancer might 
be achieved by modification of chemotherapy—by in- 
travenous administration of large amounts of inactive 
stilbestrol diphosphate that is split and activated in 
all prostatic cancer cells (Raabe, Rockstroh, Brock). 

This symposium created an opportunity for an in- 
spiring and fruitful exchange of ideas on matters 
essential to every cancer investigator. 

SIGISMUND PELLER 
New York, N. Y. 
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New Books 


Theory of Functions of a Complex Variable. vol. II. C. 
Caratheodory. Trans. by F. Steinhardt. Chelsea, New 
York, 1954. (Published by Birkiuser, Basel, 1950). 220 
pp. $4.50. 

Building Materials: Their elasticity and inelasticity. M. 
Reiner, Ed. vol. VII of Deformation and Flow. Monogr. 
on the rheological behayiour of natural and synthetic 
products. J. M. Burgers, J. J. Hermans, and G. W. 
Scott Blair, Eds. North-Holland, Amsterdam; Inter- 
science, New York, 1954. 560 pp. $12.25. 

A Check List of the E. DeGolyer Collection in the His- 
tory of Science and Technology as of August 1, 1954. 
Compiled by Arthur McAnally and Duane H. D. Roller. 
Univ. of Oklahoma Press, Norman, ed. 3, 1954. 127 
pp. Paper, $3. 

Advances in Virus Research. vol. II. Kenneth M. Smith 
and Max A. Lauffer, Eds. Academie Press, New York 
10, 1954. 313 pp. $7. 

Advances in Carbohydrate Chemistry. vol. 9. Melville L. 
Wolfrom, Ed. Academic Press, New York, 1954. 426 
pp. $10.50. 

Aspects of Deep Sea Biology. N. B. Marshall. Philosoph- 
ical Library, New York, 1954. 380 pp. $10. 

An Autumn Gleaning. Occasional lectures and addresses. 
Henry Hallett Dale. Interscience, New York; Perga- 
‘mon, London, 1954. 225 pp. $4.25. 

The Chemistry of Living Cells. Helen R. Downes. Harper, 
New York, 1955. 549 pp. $7.50. 

Chemistry and Physiology of Mitochondria and Micro- 
somes. Protoplasmatologia, vol. III, A4. Olov Lindberg 
and Lars Ernster. Springer, Vienna, 1954. 136 pp. $8.10. 

Clinical versus Statistical Prediction. A theoretical analy- 
sis and a review of the evidence. Paul E. Meehl. Univ. 
of Minnesota Press, Minneapolis, 1954. 149 pp. $3. 

Conserving Natural Resources: Principles and practice 
in a democracy. Shirley W. Allen. McGraw-Hill, New 
York-London, 1955. 347 pp. $5.50. 

K* (*Krebiozen—Key to Cancer?) Herbert Bailey. 
Hermitage House, New York, 1955. 312 pp. $3.50. 

Cryptogamic Botany. vol. Il, Bryophytes and Peterido- 
phytes. Gilbert M. Smith. MeGraw-Hill, New York- 
London, 1955. 399 pp. $8. 

Ephraim’s Inorganic Chemistry. P. C. L. Thorne and E. 
R. Roberts. Interscience, New York and Oliver and 
Boyd, Edinburgh—London, ed. 6, 1954. 956 pp. $6.25. 

How to Know the Minerals and Rocks. Richard M. Pearl. 
McGraw-Hill, New York—London, 1955. 192 pp. $3.50. 

Inventories of Apparatus and Materials tor Teaching Sci- 
ence. vol. III, Technical Colleges; pt. 4, Electrical 
Engineering. UNESCO, Paris, 1954 (Distrib. by Colum- 
bia Univ. Press, New York 27). 147 pp. Paper, $2.75. 

Active Transport and Secretion. Symposia of the Society 
for Experimental Biology, No. VIII. R. Brown and J. 
F. Danielli, Eds, Academie Press, New York, 1954. 516 
pp. $8. 

Analysis of Deformation. vol. Il, Experiment and Applied 
Theory. Keith Swainger. Chapman & Hall, London, 
1954. 365 pp. 70s. ; 

Analysis of Development. Benjamin H. Willier, Paul A. 
Weiss, and Victor Hamburger, Eds. Saunders, Phila- 
delphia—London, 1955. 735 pp. 

Animal Agents and Vectors of Human Disease. Ernest 
Carroll Faust. Lea & Febiger, Philadelphia, 1955. 660 
pp. $9.75. 

The Gyroscope Applied. K. I. T. Richardson. Philosophi- 
eal Library, New York, 1954. 384 pp. $15. 
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Miscellaneous Publications 


(Inquiries concerning these publications should be addressed, 
not to Science, but to the publisher or agency sponsoring the 
publication.) 


Ordnance. Patent Abstract Ser., No. 6. Prepared by 
Govt. Patents Bd. Dept. of Commerce and Small Busi- 
ness Administration, Washington 25, 1954 (Order No. 
111469 from Office of Tech. Services, Dept. of Com- 
merce, Washington 25). 58 pp. $2. 

Comprehensive Dental Care in a Group Practice. A 
study of service and time requirements. Public Health 
Service Publ. No. 395. Dept. of Health, Education, 
and Welfare, Washington 25, 1954 (Order from Supt. 
of Documents, GPO, Washington 25). 48 pp. 25¢. 

Contributions to the Theory of Partial Differential Equa- 
tions. Annals of Mathematics Studies, No. 33. L. Bers, 
S. Bochner, and F. John, Eds. Princeton Univ. Press, 
Princeton, N.J., 1955. 257 pp. $4. 

The New Atomic Energy Law—What It Means to In- 
dustry. Proc. of a meeting, 27-28 Sept. 1954. Oliver 
Townsend, Ed. Atomic Industrial Forum, New York 
16, 1954. 181 pp. $5. 

Archeological Investigations in the Oahe Dam Area, 
South Dakota, 1950-51, River Basin Surveys Papers, 
No. 7. Bur. of American Ethnology Bull. 158. Donald 
J. Lehmer. Smithsonian Institution, Washington, 1954 
(Order from Supt. of Documents, GPO, Washington 
25). 190 pp. $1.50. 

The Rockefeller Foundation, Annual Report for 1953. 
The Foundation, New York, 1954. 482 pp. 

Achievements in Federal Reorganization. The contribu- 
tions of the first and new Hoover commissions. Ray 
Harvey, Louis W. Koenig, and Albert Somit. Citizens 
Committee for the Hoover Report, New York 17, 1955. 
30 pp. 50¢. 

Railroad Photos Old and New. Association of American 
Railroads, Washington 6. 15 pp. Gratis. 

Abridged Scientific Publications from the Kodak Re- 
search Laboratories. vol. 32, 1950. Eastman Kodak Co., 
Rochester, N.Y., 1954. 320 pp. 

Soil Density and Stability. Highway Research Bd., Bull. 
93. Natl. Acad. of Sciences-Natl. Research Council, 
Washington 25, 1954. 64 pp. 90¢. 

Evolution and Taxonomy of the Sarcophaginae. ( Diptera, 
Sarcophagidae). Illinois Biological Monogr., vol. 23, 
Nos. 3-4. Selwyn S. Roback. Univ. of Illinois Press, 
Urbana, 1954. 181 pp. 

Contribution of Atomic Energy to Medicine, Hearings 
before the Subcommittee on Research and Development 
of the Joint Committee on Atomic Energy. 83rd Con- 
gress. Second session, 2-4 June 1954. Joint Committee 
on Atomic Energy, Washington 25, 1954. 194 pp. 

Report of the Conference on Astronomical Research in 
Small Academic Departments. Held at Sproul Observa- 
tory, Swarthmore College, 19-21 April 1954. Natl. Sci- 
ence Foundation, Washington 25, 1954. 12 pp. 

Bog and Lake Studies on the Laurentian Shield in Mont 
Tremblant Park, Quebec. Bull. No. 11. John E. Potzger 
and Albert Courtemanche. Service de Biogeographie, 
Univ. of Montreal, Montreal 26, 1954. 11 pp. 

Zuni Law: A Field of Values. Papers, vol. 43, No. 1. 
Watson Smith and John M. Roberts. Peabody Museum 
of American Archaeology and Ethnology, Harvard 
Univ., Cambridge, Mass., 1954. 175 pp. $3. 

Tabla de Composicién de Alimentos para Uso Practico. 
Cuaderno 17. Carmen de Ibarra. Instituto Nacional de 
Nutricion, Caracas, Venezuela, rev. ed., 1954. 24 pp. 
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Expedition to South-West Arabia, 1937-8. vol. 1, Nos. 
25-26. British Museum (Natural History), London, 
1954. 63 pp. 15s. 

Ceramic, Paper, Rubber, Textile, Wood, and Other Prod- 
ucts and Processes. Patent Abstract Ser., No. 7. Pre- 
pared by Gov. Patents Bd. Dept. of Commerce and 
Small Business Administration, Washington 25, 1954 
(Order No. 111470 from Office of Tech. Services, Dept. 
of Commerce, Washington 25). 26 pp. $1. 

Interlocking of Grain in Indian Timbers. Indian Forest 
Bull. No. 175. V. D. Limaye. Manager of Publications, 
Delhi, 1954. 4 pp. 1s. 

J. F. Naumanns Brietwechsel mit H. Lichtenstein, 1818- 
1856, Acta Historica Scientariumnaturalium et Medi- 
cinalium, vol. 11. Erwin Stresemann and Peter Thom- 
sen, Eds. Ejnar Munksgaard, Copenhagen, 1954. 74 pp. 

Speciation and Variation in Asexual Fungi. Annals, vol. 
60, art. 1. Roy Waldo Miner, Ed. New York Acad. of 
Sciences, New York 21, 1954. 182 pp. $3.50. 

Inelastic Behavior of Ductile Members under Dead 
Loading. Engineering Expt. Sta. Bull. No. 426. M. E. 
Clark, H. T. Corten, and O. M. Sidebottom. Univ. of 
Illinois, Urbana, 1954. 48 pp. $1. 

Economy and Society. Wilbert E. Moore. Doubleday, 
Garden City, N. Y., 1955. 48 pp. 85¢. 

Generation of Wind Waves over a Shallow Bottom. Tech. 
Memo No. 51. C. L. Bretschneider. Beach Erosion Bd., 
Corps of Engineers, Dept. of the Army, Washington 25, 
1954, 24 pp. 

Low Temperature Test Methods and Standards for Con- 
tainers. A symposium. Earl C. Myers and Norbert J. 
Leinen, Eds. Natl. Acad of Sciences—Natl. Research 
Council, Washington 25, 1954. (Distr. by Quartermas- 
ter Food and Container Inst. for the Armed Forces, 
Chicago 9). 126 pp. Gratis. 

Endomitose und Endomitotische Polyploidisierung (In 
German). Protoplasmatologia, vol. VI, C. Lothar Geit- 
ler. Springer, Vienna, Austria, 1953. 89 pp. $5.60. 

An International Police Force and Public Opinion, Polled 
Opinion in the United States 1939-1953. William 
Buchanan, Herbert E. Krugman, and R. W. Van Wage- 
nen. Center for Research on World Political Institu- 
tions, Princeton Univ., Princeton, N. J., 1954. 39 pp. 

Die Makromolekulare Chemie und Ihre Bedeutung fiir 
die Protoplasmaforschung. Protoplasmatologia, vol. I, 
No. 1. Hermann Staudinger and Magda Staudinger. 
Springer, Vienna, Austria, 1954. 73 pp. $4.65. 

Outdoor-Air Supply and Ventilation of Furnace Closet 
Used with a Warm-Air Heating System. Engineering 
Expt. Sta. Bull. No. 427. Robert W. Roose, Norman 
A. Buckley, and Seichi Konzo. Univ. of Illinois, 
Urbana, 1954. 49 pp. 70¢. 

Notas Para el Estudio del Graduante Térmico en Tierras 
Tropicales. Ernesto Sifontes. The author, Estacién 
Meteorolégica-Hidrografica, Bolivar, Venezuela, 1954. 
20 pp. 

Inventories of Apparatus and Materials for Teaching 
Science. Vol. 3, Technical Colleges. Pt. 4, Electrical 
Engineering. UNESCO, Paris, 1954 (Order from 
Columbia Univ. Press, New York 27). 147 pp. $2.75. 

On the Polyzoan Genus Crepidacantha Levinsen. Bull.: 
Zoology, vol. 2, No. 7. David Alexander Brown. 22 pp. 
6s. Subdivisions of the Genus Ptilinopus ( Aves, Colum- 
bae). vol. 2, No. 8. Arthur James Cain. British Museum 
(Natural History), London, 1954, 20 pp. 8s. 

Betreffende de Centrale Organisatie T.N.O. en de Bijzon- 
dere Organisaties T.N.O. Jaarverslag 1953. The Hague, 
Netherlands, 1954. 344 pp. 
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New York State Mental Health Commission, 4th Annual 
Report (through March 1953). Dept of Mental Hy- 
giene, New York State, Albany, 1954. 

Standards for a Strong America. Proc. of the 5th Natl. 
Conf. on Standards and the 36th Annual Meeting of 
the American Standards Assoc. American Standards 
Assoc., New York 17, 1954. 100 pp. $3. 

Catalogo de Libros Impresos en Mexico. Instituto Mexi- 
eano del Libro. Mexico, D.F., 1954. 121 pp. 

W. K. Kellogg Foundation, Annual Report, 1953-1954. 
The Foundation, Battle Creek, Mich. 127 pp. Illus, 
Atomic Energy of Canada Limited: Annual Report 1953-— 

54, AECL, Ottawa, Canada, 1954. 15 pp. 

Educating Children in Grades 7 and 8, Gertrude M. Lewis, 
Bull. 1954, No. 10. Office of Education, U.S. Dept. of 
Health, Education, and Welfare, Washington 25, 
1954 (Order from Supt. of Documents, GPO, Washing- 
ton 25). 99 pp. 35¢. 

Microlepidoptera of New Guinea, Results of the Third 
Archbold Expedition. Pt. 4. Verhandelingen der Kon- 
inklijke Nederlandse Akademie van Wetenschappen, 
Afd. Natuurkunde, vol. 50, No. 1. A Diakonoff. North- 
Holland Pub. Co., Amsterdam, 1954. 191 pp. Illus. 

Tissue Culture Technique in Pharmacology. Annals, vol. 
58, Art. 7. Roy Waldo Miner, Ed. New York Acad. 
of Sciences, New York 21, 1954. 355 pp. $4.50. 

Sindrome Policarencial Infantil (Kwashiorkor) and its 
Prevention in Central America. FAO Nutritional 
Studies No. 13. Food and Agriculture Organization 
of the United Nations, Rome, Italy, 1954 (Order 
from Columbia Univ. Press, New York 27). 81 pp. 
Illus. $1. 

Experimental Treatment of Tumors in Mice. Floyd C. 
Turner, Supp. No. 3. August 1954. The author, Box 
807, Boulder Creek, Calif. 31 pp. 

Arbeitsgemeinschaft fiir Forschung des Landes Nord- 
rhein-Westfalen. Heft 38. Kybernetik. E. Colin 
Cherry. Dokumentation und mechanisches Geddchtnis. 
Westdeutscher, Opladen, Germany. 107 pp. DM. 7.20. 

Science Liaison: The Story of Unesco’s Science Co- 
operation Offices. UNESCO, Paris, 1954 (Order from 
Columbia Univ, Press, New York 27). 75 pp. Illus. 

Indigenous Cellulosic Raw Materials for the Produc- 
tion of Pulp, Paper and Board. Pt. 20.—Chemical 
Pulps from Eupatorium odoratum Linn. (Assam-lota). 
Indian Forest Bull. No. 182. R. V. Bhat and M. G. 
Karnik. Manager of Publications, Delhi, India, 1954. 
9 pp. 9d. 

The Fracton: For the analysis of light hydrocarbon gases. 
Booklet 82, Burrell Corp., Pittsburgh 19, 1954. 11 pp. 
Handbook of Scientific Instruments and Apparatus, 1954. 
Published in connection with the Physical Society’s 
38th Exhibition. The Physical Soc., London, 1954. 6s. ; 

by post 7s 3d. 

Atomic Energy Commission, 17th Semiannual Report. 
AEC, Washington 25, 1955. 138 pp. 

Anuario Estadistico del Pert 1951-1952. Ministerio de 
Hacienda y Comercio, Lima, Peru, 1954. 1340 pp. 
Learning (Reinforcement Theory). DPP 13. Fred 8. 
Keller. Doubleday, Garden City, N.Y., 1954. 37 pp. 

85¢. 

Strong-Carter Dental Clinic Annual Report 34 (through 
August 1954). Strong-Carter Dental Clinic, Honolulu 
17. 44 pp. 

Oxtord’s Contribution to the Origins of Modern Science. 
A paper read to the British Assoc. for the Advanice- 
ment of Science, at Oxford. A. C. Crombie. Basil 
Blackwell, Oxford, England, 1954, 27 pp. 2s 6d. 
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Technical Papers 


Resistance of Saccharomyces to High 
Concentrations of Lithium Chloride 


Wolfgang Laskowski* 


Department of Botany, 
University of Washington, Seattle 


Yeasts frequently occur in mediums containing high 
concentrations of salts, that is, in food brines (1) or 
in sea water (2). Mrak and Bonar noted that the abil- 
ity of several species of Debaryomyces to grow in 
high salt concentrations was reduced when the cul- 
tures were grown for a time on wort agar without 
additional salt. Takada and Nagai (3) investigated 
the plasmolytic behavior and the content of amino 
acids of Saccharomyces ellipsoideus adapted to high 
concentrations of NaCl. Growth and variability of 
this yeast on NaCl medium was studied by Yanagi- 
shima (3). 

In experiments on the genetics of resistance of 
Saccharomyces (4) to relatively high concentrations 
of a variety of salts, several strains were obtained that 
ean grow in a synthetic medium containing lithium 
chloride in concentrations up to 1.0N and do not lose 
their resistance after transfer in normal medium. The 
resistant strains were obtained by exposing unadapted 
stock cultures to various concentrations of the salt, 
which was added to DIFCO yeast nitrogen base me- 
dium, with 1-percent glucose as the earbon source. 
When liquid medium was used, 5000 to 20,000 cells 
were inoculated in 5 ml of the medium plus salt con- 
centrations of 0.5N to 1.0N. Growth was observed in 
some tubes after 8 to 10 days; the cultures that grew 
were transferred to fresh salt medium every second 
or third day. The strains thus obtained remained re- 
sistant after 12 transfers in normal medium. Resistant 
mutants were also obtained on solid medium contain- 
ing LiCl in this same range of concentrations. Ten to 
20 days after plating, a comparison with the control 
plates (without added LiCl) revealed that only a frac- 
tion of the cells had produced colonies on the salt 


medium. Some of the largest colonies were selected, 
and these remained resistant after several transfers 
in normal medium. 

Twenty-seven independent haploid and diploid 
strains were thus obtained, all of which ean grow on 
0.5N and some on 1.0N LiCl medium. In order to 
analyze the genetic basis of the resistant strains, 
more than 60 crosses of various combinations were 
made. The diploids resulting from erosses between 
haploid LiCl-resistant strains and nonresistant strains 
grew, in all cases, on LiCl medium. Therefore, resist- 
ance to LiCl] is dominant to nonresistanee. Evidence 
of the genetic basis of resistance to LiCl was obtained 
by dissecting asci from several crosses and testing the 
spore cultures. Sixteen crosses were made and four 
nonallelie dominant genes (L,, L., L,, and L,) have 
thus far been identified (5). Two of these genes (L, 
and L,.) were already present in two strains at the 
beginning of the experiments, whereas the other two 
(L, and L,) arose after exposure of the strains to 
medium containing LiCl (as described earlier). It is 
not yet known whether LiCl is mutagenic in its effect 
or simply serves as a selective agent for the aceumu- 
lation of. mutants of spontaneous origin. 

The response of four haploid strains carrying each 
of the dominant genes for LiCl resistance to increas- 
ing concentrations of LiCl is given in Table 1. For 
comparison, the response of a nonresistant haploid 
strain of the recessive genotype 1, 1, 1, |, is also 
shown. It will be noted that strains carrying gene L, 
exhibit fair growth on 0.3N LiCl medium within 6 
days of ineubation. Strains carrying gene L, exhibit 
good growth within 4 days on 0.5N LiCl medium, 
and strains with L, or L, need only 2 days to show 
good growth on the same medium. On concentrations 
of 0.75 to 1.0N LiCl medium, only strains containing 
the genes L., L,, or L, will grow. The last produces 
the most vigorous growth. 

A spectrophotometrie analysis of resistant cultures 
grown on LiCl medium has shown a considerable de- 
crease of the potassium content of the cells as com- 
pared with the controls of the same cultures grown 


Table 1. Response of haploid strains carrying different genes for LiC] resistance to 


increasing conce 


Genotypes 


Normality of LiCl 
resistance 
to LiCl 0 0.1 0.2 sas 
L dy +(2)t + (4) + (6) 
+(2) + (3) + (4) + (6 
t, 8, + (2) + (2) + (2) +(2 
+ (2) + (2) + (2) +(2 
z, + (2) + (2) + (2) +(2 


ntrations of LiCl. 


concentration in the medium* 


0.4 0.5 0.75 1.0 
) 
) (3) + (4) + (5) + (7) 
) (2) + (2) + (5) + (5) 
) (2) (2) (2) + (2) 


* Growth on solid mediums of different concentrations of LiCl is roughly compared with the following symbols: (i) + is 


good growth, equal or nearly equal to control culture growin 
cient than growth of control. 


g on LiCl-deficient medium ; and (ii) + is fair growth, less effi- 


+ The numbers in parentheses give the average number of days necessary for the indicated state of growth. 
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on normal medium. Only 20 to 30 percent of the 
original potassium content could be found when the 
cultures were grown in 1.0N LiCl medium or were ex- 
posed to a 1.0N LiCl solution for 24 to 48 hr. The 
sodium content of the cells did not show a significant 
change in any case. In cultures grown on LiCl me- 
dium, lithium could be demonstrated only in the cells 
if the cultures were not washed more than twice. Non- 
resistant strains, grown on normal medium, were also 
exposed to LiCl solutions for 24 to 48 hr. They showed 
the same decrease in the potassium content as the 
resistant strains grown on the salt medium. The 
sodium content of the nonresistant strains exposed to 
LiCl solutions was also unchanged in comparison with 
control cultures. 

The decrease of the potassium content after treat- 
ment with LiCl is of special interest since it is known 
that the K* ion plays an important role during fer- 
mentation in the yeast cell (6-8). It has also been 
pointed out that Li* interferes with the carbohydrate 
metabolism in yeast, sea urchin larvae (9, 10), and 
bacteria (11). An antagonistic effect of Lit and K+ 
in yeast with regard to glucose fermentation was re- 
ported by Lindahl (10). Whether there is a direct 
exchange in the yeast cell of K+ by Lit or whether 
Lit acts as a glycolytic inhibitor like iodoacetie acid 
or sodium fluoride which causes the loss of K* (7) 
remains to be determined. The fact that no Lit could 
be found in the yeast cells after several washes does 
not support the first possibility. 

On the basis of these facts, it may be stated that 
the effect of LiCl on the decrease of the potassium 
content is the same in nonresistant and resistant 
strains. The ability of the latter to grow on LiCl 
medium is under gene control. If potassium is nor- 
mally essential to the cell (6-8), the mutation enables 
the cell to grow in the presence of LiCl with a con- 
siderably decreased amount of potassium. Therefore, 
it can be assumed that a general difference exists be- 
tween mutant and normal cells in regard to their re- 
quirement for a minimal amount of potassium. 

This assumption could be supported by the results 
of fermentation tests in a glucose medium lacking 
LiCl and deficient in potassium (72). Several LiCl- 
resistant and nonresistant strains were inoculated into 
test tubes containing 8 ml of the medium, part of 
which filled a small inverted test tube (Durham tube). 
After 1 wk of incubation it appeared that only the 
LiCl-resistant strains had filled the inverted tubés 
with gas, whereas the nonresistant strains had pro- 
duced no gas or only a small amount of it. In addi- 
tion, it should be mentioned that strains containing 
the genes L,, L,, or L, filled the inverted tubes with 
gas in a shorter period of time than strains with the 
gene L,. Further experiments to determine the sig- 
nificance of potassium for normal and mutant strains 
are in progress (13). 
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Hemocyanin and Radioactive Copper 


Morris Joselow and Charles R. Dawson 


Department of Chemistry, 
Columbia University, New York 


In view of the recent revival of interest in the bind- 
ing of copper to the hemocyanins (1-4), we wish to 
report some observations made several years ago in 
these laboratories (5), that emphasize the extremely 
low degree of dissociability of the copper-protein 
bond. During the preliminary phase of a series of 
investigations in which radioactive copper has been 
used to study the exchangeability of copper in the 
copper enzymes, ascorbic acid oxidase (5-7), and 
tyrosinase (8), we had occasion to carry out an ex- 
ploratory study of copper exchange in the hemocy- 
anin of Busycon canaliculatum. 

Filtered whole Busycon serum containing 0.22 to 
0.26 percent copper based on the dry weight of the 
serum was employed. The procedures including the 
methods of radioactivity assay for the hemocyanin- 
radiocopper exchange experiments were similar to 
those previously published describing the exchange 
studies on ascorbic acid oxidase (6, 9). Unbuffered 
columns of Amberlite IR-100 (Nat), 25 by 0.8 em, 
were used for separating from the protein solution 
the unbound radiocopper remaining in solution after 
the hemocyanin had been exposed to the radiocopper 
for the desired length of time. All experiments were 
carried out at pH 6.5 to 7.0, approximating the natu- 
ral pH of Busycon serum. 
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Table 1. Removal of extraneous ionie copper but not na- 
tive copper from hemocyanin by Amberlite IR-100 (Na*). 


Time c 
u 
Prepn. of Cu** —eontact 
(ug) added“ 

° Cut (hr) 

1 1H* 1.0 0 0 1.0 

2 1H 10.0 10.0 20 9.7 

3 1H 10.0 10.0 20 9.8 


* For description of this hemocyanin preparation see first 
footnote of Table 2. In experiment 1 the hemocyanin was 
diluted (1:10). Experiments 2 and 3 were duplicates. 


It was found that hemocyanin can be passed slowly 
through an Amberlite column with no loss in its native 
copper. This result itself affirms the high stability of 
the copper-protein linkage, a property long recog- 
nized by virtue of the nondialyzability of the copper. 
It was also shown that when an amount of ionic cop- 
per equal to the copper content of the hemocyanin 
was added to the serum and the mixture passed 
through the column, the extraneous ionic copper was 
removed and the effluent solution had a copper con- 
tent equal to that of the original hemocyanin (Table 
1). All copper determinations were performed by the 
method of Warburg and Krebs (10). 

The nearly quantitative recovery of nonionic cop- 
per has been taken as evidence for the quantitative 
recovery of hemocyanin protein. Since no measure- 
ments of physiological properties, such as oxygen ¢a- 
pacity, were performed on the hemocyanin solutions 
before or after their passage through the resin col- 
umns, only qualitative evidence that the protein was 
not damaged is available. Thus it was observed that 
all of the effluents still possessed the characteristic 
blue color of oxyhemocyanin, and had the ability to 
be decolorized reversibly by sodium hydrosulfite, a 
property shown only by native hemocyanin (11). 

When radioactive cupric ions were added to a solu- 


Table 2. Hemocyanin and Cu“. Experiments type A 


tion of oxyhemocyanin for periods of time up to 16 
hr, it was found that no significant radioactivity was 
incorporated into the hemocyanin (Experiments A, 
Table 2). It may be concluded, therefore, that under 
the conditions of the experiment no exchange occurred 
between radiocuprie ions and the oxyhemocyanin eop- 

The possibility of an exchange reaction between 
hemocyanin copper and radiocopper ions while the 
hemocyanin was undergoing reversible oxygenation— 
deoxygenation was investigated. It is well known that 
fresh blue solutions of oxyhemocyanin, when placed 
under a vacuum, readily lose oxygen and decolorize 
rapidly. When the decolorized solutions are shaken 
in air, they become blue again. An amount of radio- 
active cupric ions equal to the copper content of the 
hemocyanin was added to freshly prepared hemo- 
eyanin solutions. Evacuation of the mixture with a 
water pump vacuum for 5 min resulted in decoloriza- 
tion; shaking with air for 1 min restored the blue 
color. This process was repeated 5 times, after which 
the mixtures were passed through an Amberlite col- 
umn. The effluents were analyzed for copper content 
and radioactivity. The results, shown in Table 2 (Ex- 
periments B), indicate that no significant exchange 
occurred while the hemocyanin was undergoing re- 
versible oxygenation—deoxygenation. 

From the work of Kubowitz (12) it appears that 
the copper in hemocyanin is in the euprous form. It 
has also been suggested that dissociation of the 
euprous ion from unoxygenated hemocyanin may pro- 
ceed more easily than from the oxyhemocyanin (4). 
It is clear, however, that such dissociation did not 
occur to any significant extent under the conditions 
of our experiments. If it had occurred, the following 
equilibrium system would have been established, and 
radioactivity would have been incorporated into the 
hemocyanin via the cuprous ion, that is 


Hemocyanin-Cu* = Cu* + apohemocyanin 
Cu* + *Cu** =2 *Cu* + Cu** 
Apohemocyanin + *Cu* = hemocyanin-*Cu* 


involved oxyhemocyanin exposed to radioactive euprie ions 


for two different periods of contact before passage through an Amberlite IR-100 (Na*) column to remove the extrane- 
ous cupric ion. The B experiments are duplicates and involved hemocyanin undergoing reversible oxygenation-deoxy- 
genation in the presence of radioactive euprie ions prior to passage through the column. 


Radioactivity 
Experiment Ant. of Cui (counts/min) 
Prepn.* Cu™ contact Exchange 
(1 ml) added _—with (pereent) 
Cu 
Type No. (ng) (hr) Effluent stand.+ 
A 1 1H 10.0 10.0 1 not detd. 4+3 818+12 0 
A 2 1H 10.0 10.0 16 9.8 2+2 324+ 6 0 
B 1 2H 12.1 12.1 0.5 11.7 0 3850 + 27 0 
B 2 2H 12.1 12.1 5 not detd. 0 3850 + 27 0 


* Preparation 1H was obtained from a stock solution of hemocyanin 2 yr old. After dialyzing for 2 wk against copper- 
free water, the copper content was found to be 0.25 percent. Preparation 2H was a fresh solution of hemocyanin (3 days 


old) ; it contained 0.22 percent copper. 
+ The method of preparing the comparison standard ha 
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It is known that if both euprous and eupriec ions are 
present in solution, the radioactivity cannot be local= 
ized at either ion, regardless of which ion is originally 
tagged (13). 
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Thermodynamic Analysis of the Intracellular 
Osmotic Gradient Hypothesis of 
Active Water Transport 


William A. Brodsky, Warren S. Rehm, 
Warren H. Dennis, Donald G. Miller* 
Departments of Pediatrics and Physiology, 
University of Louisville School of Medicine, 


and Department of Chemistry, 
University of Louisville, Louisville, Kentucky 


The problem of transporting water from a solution 
of high osmolarity to one of low osmolarity has en- 
gaged the attention of biologic investigators for many 
years. The intracellular gradient hypothesis, and the 
mechanism for the maintenance of the gradient, for- 
mulated in detail by Franck and Mayer (1), seemed 
to us, on superficial examination, to be a reasonable 
working hypothesis. An alternative mechanism for 
the maintenance of osmotic gradients involving the 
flow of electric current through ion-selective circuits 
was considered (2). Detailed examination of the im- 
plications of such a system brought to light certain 
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Fig. 1. Scheme of an intracellular osmotic gradient. The 
osmotic activity C is plotted as a function of cell thick- 
ness AX. 
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fundamental objections. It became apparent that such 
objections applied with equal validity to any intra- 
cellular osmotie gradient scheme. 

To illustrate the analysis, consider the application 
of the osmotic gradient hypothesis to the process of 
formation of a hypertonic urine. When (Fig. 1) the 
intracellular osmotic activity at the lumen side of the 
eell, Cy, is slightly higher than that of the lumen 
fluid, and the intracellular osmotic activity at the in- 
terstitial fluid side of the cell, C,, is equal to that 
of the interstitial fluid, water could be transported 
from the lumen to the interstitial fluid. Consider the 
analysis applied to those cells concerned with active 
water transport, under conditions where the gradient 
is maintained but in which no water is being trans- 
ported, that is, C, is equal to the osmotic activity of 
the lumen fluid and C, is equal to that of the inter- 
stitial fluid. The results of analyses applied to both a 
flat-sheet and a tubular arrangement of water-trans- 
porting cells were of a similar order of magnitude. 
For simplicity the flat-sheet arrangement of cells was 
chosen for presentation. The number of solute par- 
ticles diffusing from the lumen side of the cell to the 
interstitial side must be equal to the number of solutes 
transported in the opposite direction by the mecha- 
nism maintaining the gradient. Under such steady- 
state conditions, the number of solute particles trans- 
ported can be estimated from the integrated form 
of Fick’s equation, 


= D(C, Cy) /AX, (1) 


where Q, is equal to the number of osmols per square 
centimeter per second diffusing from X, to X,, D is 
the diffusion constant, and AX is equal to the cell 
thickness. During the production of a hypertonic urine, 
reasonable values for the parameters in Eq. 1 are 
C,=1.5 mOsm/em*, C,=0.3 mOsm/em’, AX = 2 x 10-3 
em, and D=2.0x 10-5 em?/see. Upon substitution of 
these values in Eq. 1 dnd conversion of the units, it 
is found that Q, is equal to 4.3 x 10-2 osmol /em? hr. 

The rate of change of free energy for the diffusion 
process may be evaluated by using the well-known 
formula 


(AF) /dt =- QRTIn(C,/C,), (2) 


where AF is the change in free energy, t the time, R 
the gas constant, and 7 the absolute temperature. 
Since diffusion is an irreversible process, the free- 
energy decrease of the diffusion process cannot be 
funneled back into the transporting mechanism. Sub- 
stitution in Eq. 2 for a temperature of 37°C gives a 
value of 4.3 x 10-? keal/em? hr, which represents the 
minimum rate of expenditure of free energy for the 
uphill transport of the solutes. 

To calculate the rate of change of free energy per 
unit volume, a specific gravity of 1.0 for cells was 
assumed. The minimum rate of expenditure of free 
energy that is required to maintain the gradient is 
then found to be 21,000 keal/kg hr, which is approxi- 
mately 1000 times the maximal rate for living cells. 
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The discrepancy becomes all the more apparent in 
considering the fact that a reasonable value for the 
efficiency of most biological mechanisms is about 20 
to 30 percent. 

This analysis renders untenable the Franck-Mayer 
hypothesis for the maintenance of the osmotie gra- 
dient. However, it does not rigorously exclude an 
osmotie gradient hypothesi$ for the transport of water 
if (i) the water-transporting cells have a metabclic 
rate more than 1000 times greater than the maximal 
value reported for mammalian tissues, (ii) a gra- 
dient-maintaining mechanism can be found that would 
be capable of funneling energy from a high fraction 
of the total cellular mass to a few milligrams of 
water-transporting mass, (iii) there were cells of in- 
ordinate thickness (AX > 6 em), or (iv) there existed 
in cells small solute particles of high osmotic activity 
with a much smaller diffusion constant than that re- 
corded for the largest protein molecule. The analysis 
will be presented in detail elsewhere (3). 
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A Study of Leucine Biosynthesis 
in Torulopsis utilis 


Murray Strassman,* Lillian A. Locke, 
Alice J. Thomas, Sidney Weinhouse 


Lankenau Hospital Research Institute and 
Institute for Cancer Research, Philadelphia, Pennsylvania 


As part of a study of biosynthetic mechanisms, the 
formation of the branched chain amino acids, valine, 
isoleucine, and leucine in Torulopsis utilis is under 
investigation using isotope tracer methodology. Data 
are presented in this paper (/) that indicate that the 


leucine carbon chain consists of an acetyl group at- 
tached to the isobutyryl moiety of valine. In previous 
studies (2), results of experiments were reported in 
which 7. utilis was grown on glucose as the principal 
carbon source in the presence of variously C'*-labeled 
acetates and lactates. Valines and isoleucines were 
isolated from the yeast cells, they were degraded by 
chemical procedures, and the individual carbon atoms 
were assayed for radioactivity. Based on these find- 
ings, mechanisms for the biosynthesis of these amino 
acids have been proposed (2). 

Using a degradation procedure similar to that em- 
ployed for valine and isoleucine, C'*-distribution pat- 
terns were obtained for the leucines isolated from the 
same experiments; these are given in Table 1. Acetate 
carboxyl carbon was exclusively and abundantly pres- 
ent in the carboxyl carbon of leucine, and the acetate 
methyl carbon appeared overwhelmingly in the leucine 
a carbon. Lactate carbon 1 was incorporated to a 
negligible extent, hence, degradation was not con- 
ducted. Large amounts of lactate carbons 2 and 3 also 
appeared in the respective carboxyl and @ carbons 
of leucine, a result anticipated on the basis of the 
ready conversion of lactate carbons 2 and 3 to acetate. 
However, lactate carbon 2 was also incorporated read- 
ily and equally in leucine carbons 3 and 4, and lactate 
carbon 3 also appeared in leucine carbons 5,5’. The 
similarity in the distribution of all three lactate ear- 
bons in leucine carbons 3 to 5,5’ to that observed pre- 
viously in carbons 2 to 4,4’ of valine (2), shown at 
the right of the table, leaves little doubt of the eom- 
mon origin of the isobutyryl moieties of both amino 
acids. Gilvarg and Bloch (3) and Ehrensvard et al. 
(4) also found that acetate carboxyl and methyl car- 
bon$ were incorporated into leucine biosynthesized 
by yeast. Adelberg (5) reported learning, in a private 
communication from Ehrensvaard, that yeast grown 
on acetate as the sole carbon source yielded valine 
and leucine with the same isotope distribution in their 
isobutyryl moieties. Abelson, (6) recently showed that 
pyruvate, a-ketoisovalerate and L-valine all lowered 
the specific activities of leucines synthesized by 
Escherichia coli from uniformly labeled glucose. He 
suggested that these substances are intermediates of 
leucine biosynthesis, and further suggested that 
a-ketoisovalerate combines with acetate to yield the 


Table 1. Pattern of C™ distribution in leucine and valine. Values are based on standard dosage of 100 ye administered. 


Percentage of total activity 


Percentage of total activity 


Specific in leucine carbon Specific in valine carbon 
of leucine 5,5’ 4 3 2 1 of valine 44’ 3 2 1 
f.). CH CH, CHNH, COOH (CH,), CH CHNH, COOH 
Acetate-1-C™ 14,040 0 0 0 1 99 
Acetate-2-C™ 21,380 3 1 2 8Y 2 
Lactate-1-C™ 156* 12,080 0 0 1 99 
Lactate-2-C“ 25,630 2 32 33 1 31 20,670 1 47 49 3 
Lactate-3-C“ 21,540 59 1 2 37 


* This leucine sample was not degraded. 
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keto analog of leucine. The present results confirm 
and extend this postulation. 

By analogy with the condensation of oxalacetate 
with acetate to yield citric acid, the following detailed 
mechanism is proposed for the synthesis of the leu- 
cine carbon chain. 


CH,COSeoA CH,COOH 
+ -eA HO—C—COOH -H,O 
| 
CH(CH,), 
coon 
| 
CH(CH,)» 
CHCOOH CHOHCOOH 
| 
coon +H,O CH(COOH) -2H 
~ 
CH(CH,)» CH(CH,). 
COCOOH COCOOH CHNH,COOH 
HCOOH -CO, CH, +NH, bu, 
H(CH;). SH (CHs) H(CH;)>» 


a-Ketoisovalerate is presumed to condense with the 
methyl carbon of acetyl coA to yield a-hydroxy-a- 
isopropylsuccinic acid. By the same series of reactions 
undergone by citrie acid to yield a-ketoglutaric acid, 
this hydroxy acid would be converted to a-keto-y- 
methylvaleric acid, which, by transamination with 
glutamie acid (7), would yield leucine. The possible 
participation of these hypothetical intermediates in 
leucine biosynthesis is now under study (8). A simi- 
lar reaction sequence was suggested by us to account 
for the synthesis of a-aminoadipic acid in connection 
with the biosynthesis of lysine (9). 
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Segregation of Sex Factors in a Diploid 
Line of Ustilago zeae Induced 
by Alpha Radiation 


J. B. Rowell 


Department of Plant Pathology, Institute of Agriculture, 
University of Minnesota, St. Paul 


During investigations of the effect of naturally ra- 
dioactive heavy metals on microorganisms, a phe- 
nomenon that appears to be somatic segregation and 
recombination has been induced repeatedly in solo- 
pathogenic, diploid lines of Ustilago zeae, the common 
corn smut fungus, by alpha radiation. This report (1) 
on the solopathogenic line 410qq compares the segre- 
gation and recombination of the factors for sexual 
compatibility that occurred during meiosis in chlamy- 
dospore germination with that which was induced by 
the irradiation of vegetative cells. 

U. zeae is normally heterothallic, and galls and 
chlamydospores (zygotes) are produced when corn is 
inoculated with pairs of compatible haploid lines 
(2, 3). Solopathogens were described by Christensen 
(4, 5) and Eddins (6) as monosporidial lines that 
by themselves produced galls and chlamydospores in 
inoculated corn. The cultural, sexual, and pathogenic 
segregants obtained during germination of the 
chlamydospores produced by these lines (4, 5) are 
identical to those recovered from chlamydospores of 
a cross of haploid lines. Since cells of solopathogens 
are uninucleate (5), they are considered to be diploid, 
although cytological proof of the presence of 2n chro- 
mosomes has not been obtained. 

The solopathogenic character of monosporidial lines 
of U. zeae is not always stable. Some of the solo- 
pathogenic lines characterized by Christensen (5) and 
Stakman et al. (7) were found to be avirulent in later 
tests. Chilton (8) isolated a variant from a solopatho- 
gen that was compatible with certain haploid lines but 
nonpathogenic when inoculated alone in corn. The 
solopathogenic line 410qq used in this study was iso- 
lated in 1943 by Stakman et al. (unpublished) from a 
cross of lines 10A4 x 17D4, and the character of solo- 
pathogenicity has remained unchanged in stock cul- 
tures since that time. However, variants that were 
compatible with 10A4 but not with 17D4 were isolated 
by Gattani (9) from line 410qq grown on mediums 
containing uranyl nitrate. During the current inves- 
tigation, 349 monosporidial isolates from suspensions 
of cells of line 410qq that were not exposed to alpha 
radiation were tested as controls, and all were solo- 
pathogenie. 

Vegetative sporidia of the diploid line 410qq that 
were exposed to alpha radiation were harvested from 
young monosporidial cultures grown in potato-dex- 
trose-broth (PDB) by shake culture. In the original 
trials, washed sporidia were exposed to alpha radia- 
tion by suspension in a solution of 1 we/ml of po- 
lonium-210 after the method of Rowell et al. (10). 
For later exposures, however, the alpha radiation 
emitted from a 10-me source of polonium-210 plated 
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Table 1. Comparison of the segregation and recombination in sex factors resulting from meiosis in germinating 
chlamydospores and from exposure of vegetative sporidia of a diploid line (410qq) to alpha radiation. 


No. of isolates for each genotype 


Mating reaction of nonsolopathogenic 


Sex isolates with tester lines From germinating From treated sporidia 
geno- chlamydospores of 410qq 
type 
17D4 22Cb 10A4 
ad? 4* = o - 9 6 3 7 10 
a’d* + - 1 10 3 3 4 
a*b* ~ - + - 2 8 0 ll 5 
a*b* - - - + 1 6 0 0 2 
a'a*b* + - + ~ 12 1 3 17 6 
a'a%b* = + + 2 1 3 15 15 
a'a*b'b* No mating reactiont 26 1 75 197 72 


* The symbol + indicates combinations of lines that are sexually compatible, that is, produce galls and chlamydospores in 


inoculated corn. The symbol — indicates no reaction. 


+ Solopathogenic lines that by themselves produce galls and chlamydospores in inoculated corn. 


on a 1-in. brass square and coated with a thin layer 
of gold and plastic lacquer was used to irradiate a 
dried, monocellular layer of sporidia on the surface 
of 2-percent water agar. Isolates from the survivors 
on dilution plates were tested for solopathogenicity 
and sexual compatibility by inoculating seedling corn 
by the partial-vacuum method of Rowell and DeVay 
(11). 

The sex alleles of monosporidial lines from a cross 
can be determined by matings in corn seedlings with 
lines representing each of the four haploid combina- 
tions of the parental sex factors. Very detailed studies 
previously reported in a symposium paper (12) have 
established that sexual compatibility in U. zeae is 
governed by genes at two loci, one of which has only 
two known alleles (a! and a?), while the other has 
multiple alleles (b', b?, b°, . . . b"). Mated haploid 
lines produce galls and chlamydospores in corn only 
if different alleles of a and b are brought together 
(see mating reactions in Table 1). In addition to the 
haploid lines, there are amphisexual lines (12) that 
have the alleles a'a*b! or a'a*b*, and these lines are 
compatible with any haploid line having a different 
b allele. The four tester lines used to identify the mat- 
ing types of isolates in this study were 10A4 (a‘b’), 
822Cb (a2b'), NyCe (a'b*), and 17D4 (a*b*) in 
which the complement of sex alleles had been estab- 
lished by inheritance studies (12). 

The number of monosporidial isolates for each sex 
genotype obtained by meiosis from germinating 
chlamydospores of the cross 10A4x17D4 (a'b'x 
a*b*) and the solopathogenie progeny of this cross, 
410qq (a'a2b'b*), are listed in Table 1. The last three 
columns of the table list the number of isolates of the 
same genotypes found in tests of survivors from three 
separate irradiation trials with vegetative sporidia 
from line 410qq. Only cultural “mutants” were tested 
in trial I. Trial II was a test of a random sample of 
the survivors after exposure to alpha radiation, and 
it was found that most avirulent lines were isolated 
from initially slow-growing colonies with distorted 
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cell shapes (Fig. 1). The isolates in trial III were 
all made from dilution plates of broth subcultures of 
such characteristically abnormal colonies. Thus, the 
changes in sex factors induced by alpha radiation in 
the vegetative sporidia of line 410qq were similar to 
those obtained during segregation and recombination 
from chlamydospores. 

The abnormal cells were studied to determine if the 
observed changes in sex factors were induced immedi- 
ately by the alpha radiation or were produced during 
subsequent growth of these cells. Ten entire young 
colonies of abnormal-cell survivors of irradiation were 
transferred to PDB. Suitable control cultures were 
made from colonies of untreated cells. The isolates 
with abnormal cells produced approximately 1000 
times less growth in broth than did the control iso- 
lates. After 3 days’ growth by shake culture, the re- 
sulting cell populations were sampled on dilution 
plates. A majority of the colonies developing from 
the lines with abnormal cells resembled the initial ab- 
normal colony; in the minuvity were colonies of vari- 
ous cultural types and with the normal cell shape and 
growth rates of the untreated 410qq. The same results 


Fig. 1. Young colonies of Ustilago zeae developing from 
single sporidia of the diploid line 410qq. (A) Typical 
sporidial colony produced in 24 hr by a single, nonirradi- 
ated cell. (B) Colony of distorted cells produced in 72 hr 
by a single abnormal cell obtained after the line was 
exposed to alpha radiation. 
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were obtained when this process was repeated through 
each of nine successive cultural generations with sub- 
transfers made to PDB from colonies with abnormal 
cells. 

Representatives of the many variants with normal 
cell characters were isolated from the dilution plates 
for each of the 10 abnormal cell lines and tested for 
sex type by inoculating corn seedlings. As many as 
six different sex genotypes were found among the de- 
scendants from each original abnormal cell. However, 
no mutations were found in the genes for sexual com- 
patibility. Thus, it is apparent that exposure to alpha 
radiation induced an unstable condition in vegetative 
cells of this diploid line that resulted in the segrega- 
tion and recombination of the factors for sexual com- 
patibility during multiplication of the affected cell. 
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Number and Size of Radial Resin 
Ducts in Slash Pine 


Francois Mergen 


Yale University School of Forestry, 
Valhalla, New York 


R. M. Echols 


Lake City, Florida, Research Center, 
Southeastern Forest Experiment Station 


Rate of flow of oleoresin from freshly made wounds 
on slash pine (Pinus elliottii Engelm.) is determined 
in part by the number and size of radial resin ducts. 
In this study, the relationships of these two anatom- 
ical factors with age of tree and width of growth 
ring were determined as part of a study on inheri- 
tance of factors that determine oleoresin yield. 

Microtome sections were prepared at five-ring in- 
tervals from the vascular cambium to the pith of 10 
parent trees. Wood samples, approximately 4% by 1% 
in., were removed from the selected trees at breast 
height by boring two holes to the pith, one above the 
other, and sawing out the connecting wood. The sam- 
ples were separated at every fifth ring, and tangential 
sections, 25 to 30u thick, were eut with a sliding mi- 
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crotome. These were stained with haematoxylin and 
safranin that sharply differentiated the resin duets 
and accompanying cells (7). 

A complete count was made of the horizontal resin 
ducts within each section with the aid of a mechanical 
stage. The ducts were counted in parallel strips, using 
the diameter of the field of vision as the width of each 
strip. Counts were made under 100x magnification. 
The area of each section was determined from meas- 
urements with a graduated mechanical stage. Te 
average area for each measured sample was 3.03 em?. 
Radial resin canals in tangential section appear ellip- 
tical; hence, the major and minor axes were measured 
to inelude thickness of the epithelial cells (Fig. 1). 
Ten ducts per section were measured with an ocular 
micrometer under a magnification of 440x. 

Results of the relationships between number and 
size of ducts and age of ring, and between number 
and size of ducts and average ring width, are pre- 
sented in Fig. 2. Inspection of the data showed the 
following relationships. 

1) The number of radial ducts formed per unit area 
was highest during the early age (rings near the pith) 
and decreased rapidly until about the 20th year, after 
which it leveled off. In the wood close to the pith, most 
of the ducts are found in those vascular rays initiated 
contiguously with medullary rays. As the diameter of the 
tree increases, there is a decrease in the number of these 
rays per unit area of tangential surface. This decrease in 
number of resin ducts is partially offset by formation of 
additional vascular rays containing resin ducts. 

2) A similar relationship existed when number and size 
of resin ducts were plotted against average width of ring. 
The gradual decrease in ring width with age contributed 
to the stabilization in the number of ducts. 

3) Average size of resin ducts decreased linearly with 
age of ring. Since the size of tracheids is reflected by age 
of ring, this effect is probably associated with resin-duet 
size. 


With the measurements taken it was not possible 


~ 


Fig. 1. Photomicrograph of two radial resin ducts on a 
tangential surface. The resin ducts (within circles) are 
contained jn fusiform rays. 
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Fig. 2. Relationships of number and size of the radial 
resin ducts to age of the ring (A+C) and average ring 
width (B+D). The number of ducts per square centi- 
meter is given. 


to determine definitely whether the effect of age or 
the effect of ring width was more important. In the 
10 trees studied, average ring width decreased with 
age of tree. By sampling a larger number of older 
trees it should be possible to find trees with an irregu- 
lar growth pattern, and thereby evaluate the respec- 
tive importance of age and width of ring. In a study 
on the gradient of wood density in trees that had 
wider growth rings toward the outside, Turnbull (2) 
was able to demonstrate that the density of wood 
formed in a particular year is not determined by the 
growth rate, but is proportionate to a function of age. 

The relationship of number and size of resin ducts 
to age and width of ring exhibits a pattern similar to 
that of wood density and strength characteristics. The 
volume of resin duets probably accounts in part for 
this pattern by directly influencing density and 
strength of the wood. Their influence is probably 
greatest in the first five rings where they are most 
abundant. On the average for the 10 trees studied, the 
number of horizontal resin ducts at ring 5 was 100 
percent greater than at ring 25. The slight increase in 
the number of ducts at ring 30 is probably a result 
of traumatic resin ducts formed as a result of wound- 
ing for naval stores. 
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Pheasant-Turkey Hybrids 


V. S. Asmundson and F. W. Lorenz 
Poultry Department, University of California, Davis 


Hybrids from pheasants (Phasianus colchicus) and 
the domestic fowl (Gallus sp.) kave been known for 
a long time (1) and have recently been more fully 
investigated (2). All hybrids out of these two species 
are apparently sterile. Artificial insemination (3), 
which overcomes some of the isolating mechanisms 
between species (4), has been used (5, 6) to obtain 
hybrids from the domestic fowl] and turkey (Meleag- 
ris gallopavo), but only one hybrid hatched (6). Two 
centuries ago, Edwards (7) deseribed, with an illus- 
tration, a hybrid “supposed to be bred between a tur- 
key and a pheasant.” The pheasant-turkey cross, how- 
ever, has been neglected, although Sokolow et al. (8) 
recently reported that the chromosomes of the turkey 
and pheasant are more alike than those of the latter 
and the domestic fowl. 

During an investigation of crosses between gal- 
linaceous species made by artificial insemination in 
1952, ring-neck pheasant hens were mated with bronze 
turkey males. At least 10 fertile eggs were obtained; 
six survived 2 wk or longer, and two were alive after 
the 24th day of incubation but did not hatch. 

In 1953 reciprocal matings were made on a more 
extensive scale. The results are summarized in Table 1. 
No similar difference in fertility between the recipro- 
eal crosses was observed in 1954 (9). The difference 
in fertility in 1953 may therefore reflect variations in 
intervals between inseminations, amount of semen 
used, and variations in the technique of insemination 
rather than more fundamental differences between the 
reciprocal crosses. Early embryo mortality of the 
hybrids was high, but most of the live 10-day-old 
embryos survived to 24 days. 

The hybrids from pheasant eggs hatched after about 
26 days’ incubation; those from turkey eggs required 
27 to 28 days. The average incubation period for 
pheasants is 24 days, for turkeys, 28 days. Time of 
hatch usually varies considerably but the hybrids in 
pheasant eggs clearly required a longer incubation 
period than pheasants. 

Of the embryos that survived to 10 days of age in 
the 1953 hatches, the percentage hatched varied from 
0 to 50 percent. In 1954 about 50 percent of the eggs 


Table 1. Number of eggs set and hatched, 1953. 


Embryo 
T of survival 
ype Set Fertile ——————— Hatched 
— 10 24 
days days 
Pheasant 2? 2 x 
turkey 4 4 381 100 44 43 13 


Turkey 9 2 x 
pheasantg 4 231 100 50 39 ll 
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from pheasant hens and turkey males were fertile, 
and of these 23 percent hatched. This indicates that, 
under favorable conditions, better results than those 
shown in Table 1 may be expected. 

Farly posthatching mortality in 1953 was high for 
hybrids out of pheasant female-turkey male crosses, 
with only one survivor; but posthatching mortality 
was low for hybrids out of the reciprocal cross, with 
five survivors. Differences in survival were apparently 
due to managerial factors. The hybrids were raised 
with mixed groups of young birds of several species 
and their hybrids. Under such conditions the small 
turkey-pheasant hybrids from pheasant eggs fared 
badly at first, while the larger hybrids from turkey 
eggs did better. Much of the later mortality was 
caused by severe pendulous crop, but several of the 
survivors were saved by surgical removal of the crop. 
Provision of adequate shade or prompt surgery would 
undoubtedly have saved most of the birds that died 
after they were a few weeks old. 

The mature hybrids are intermediate in weight be- 
tween the turkey and the pheasant. Their head fur- 
nishings resemble those of the pheasant; the skin on 
the sides of the head around the eye is partly free 
from feathers but otherwise the head and neck are 
feathered (Fig. 1). When not fully grown, the feath- 
ers on the head and neck of some hybrids have been 
observed to resemble those illustrated by Edwards 
(7). The tail feathers are intermediate in length. The 
plumage color of the hybrids from this particular 
cross (ring-neck pheasant and Bronze turkey) is dark 
brown shading to black, except on the wings, which 
are lighter. 

Neither eggs nor semen were obtained from the 
year-old hybrids. Mating activity was not observed, 
although there was some brightening of the skin on 
the head of the males. Thus, these intergeneric hy- 
brids, like those from the pheasant and domestic fowl, 
are apparently sterile. The survival of these pheasant- 


Fig. 1. Head of a 6-mo-old hybrid out of a Bronze turkey 
female and a ring-neck pheasant male. Except for some 
variation in plumage color and area of featherless skin 
around the eye, it is typical of both sexes from this and 
the reciprocal cross. 
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turkey hybrids has, however, been superior to that 
reported for domestic fowl-turkey hybrids (5, 6), 
and is about equal to that of pheasant-domestie fowl 
hybrids. 
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Leukemogenic Effects of Ionizing Radiation 
on Atomic Bomb Survivors 
in Hiroshima City 


William C. Moloney* and 
Marvin A. Kastenbaum+ 
Atomic Bomb Casualty Commissi Hiroshi 


>» Japan 


Following the explosions of the atomic bombs in 
Japan, a great inerease in leukemia was reported 
among survivors (1). However, statistical confirma- 
tion of the high incidence of leukemia was not possible 
because of the unusual distribution of survivors by 
age and sex. During 1953, additional cases of leu- 
kemia appeared among the survivors. Using these new 
cases, an analysis was carried out that established 
statistical evidence of the leukemogenic effects of 
atomic irradiation on man (2). The 98,000 survivors 
in Hiroshima City, and the 50 verified cases of leu- 
kemia occurring among them, were distributed ac- 
cording to distance from the hypocenter. In addition, 
the survivors were further classified according to the 
degree of irradiation. Thus, individuals with a history 
of epilation, oropharyngeal lesions, or purpura were 
classified as heavily irradiated (severe radiation com- 
plaints); those without such complaints were consid- 
ered lightly irradiated (no complaints). 

Statistical tests carried out on the data appearing 
in Table 1 indicate the following. (i) A highly sig- 
nificant difference in incidence exists between surviv- 
ors with serious radiation complaints and those with 
no complaints. Within each distance group, the inei- 
dence of leukemia is higher among the survivors with 
serious complaints. (ii) There is a significant differ- 
ence in incidence among the distance groups. For 
each complaint group, the incidence of leukemia is 
highest among survivors exposed closest to the hypo- 
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Table 1. Incidence of leukemia in the Hiroshima survivors related to distance from the hypoeenter and the pres- 


ence of severe radiation complaints. 


Distance 


Population* Cases of leukemia Incidence 

from 

center SRCt NRCt Total SRC NRC Total SRC NRC Total 

0- 999 750 450 1,200 14 1 15 1: 53 1: 450 1 80 
1,000-1,499 2,250 8,250 10,500 15 9 24 1:150 1: 917 1: 438 
1,500-1,999 1,750 16,950 18,700 3 2 5 1:583 1: 8475 1: 3,740 
2,000-2,499 950 16,250 17,200 1 1 2 1: 950 1: 16,250 1: 8,600 
2,500 and over 850 49,650 50,500 ) 4 4 1: 12,412 1: 12,625 

Total 6,550 91,550 98,100 33 17 


50 1: 198 1: 5,385 1: 1,962 


* Population estimated and rounded off te the nearest 50 persons. These population figures were based on the Commis- 
sion’s 1949 radiation census and the Japanese national census (1950). Numbers of survivors with severe radiation complaints 
were estimated from observations made by the Commission's genetics department on 19,675 Hiroshima survivors of childbear- 


ing age (3). 
+ SRC: severe radiation complaints (heavily irradiated). 
t NRC: no radiation complaints (lightly irradiated). 


center. (iii) No interaction of distance and radiation 
complaints is evident. That is to say, the difference 
in incidence between the complaint groups is not de- 
pendent on the distance from the hypocenter. (iv) A 
linear relationship appears to exist between the loga- 
rithm of the distance and the logarithm of the inei- 
dence of leukemia. This relationship is demonstrated 
by a downward slope that is significantly different 
from zero. (v) There is no reason to believe that a 
difference exists between the individual regression 
coefficients for the two complaint groups. Thus, the 
rate of decrease in incidence with an increase in dis- 
tance is apparently the same for the two groups. 
Further examination of the data indicates that (i) 
the incidence of leukemia is “high” at distances close 
to the hypocenter, regardless of the presence or ab- 


sence of severe radiation complaints; (ii) the inei- 
dence of leukemia approaches the normal expected 
incidence at distanees of 2500 m or more from the 
hypocenter. 
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Communications 


Pollen Profiles, Radiocarbon Dating, 
and Geologic Chronology of the 
Lake Michigan Basin 


Wave action of the high-wate. stage of Lake Michi- 
gan during the past 3 yr eut deeply into flanking 
dunes along the eastern shore of the lake and did 
millions of dollars of damage to summer homes, bath- 
ing beaches, and scenic highways along the shore. 
Below South Haven, Mich., on the property of the 
summer camp operated by the Michigan Congrega- 
tional Christian Conference, the waves uncovered a 
30-in. layer of compacted peat perched on a 5-ft layer 
of sand and covered by a 25-ft dune. 

The peat apparently accumulated in an interdunal 
pond whose bottom was sealed by an iron precipita- 
tion. The vertical eut of the peat permitted easy 
sampling at 1-in. intervals for pollen analysis. A 
trench dug to a depth of 75 in. into the sand under- 
lying the compacted peat terminated in a basal layer 
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of blue silt capped by a layer of wood. Samples were 
taken of the blue silt and of all narrow organic 
streaks that appeared in the 75-in. layer of sand. All 
samples contained sufficient pollen for a very satis- 
factory pollen analysis and determination of the for- 
est history. 

The 30 in. of peat record four major forest changes 
and an equal number of intermediate changes. The 
blue silt and the 75-in. layer of sand were deposited 
during a very prominent spruce-fir period (up to 
94-percent spruce-fir pollen). The compacted peat be- 
gan during the late spruce-fir period when pine 
showed aggressive participation in the forest cover. 
The succession of forests indicated in the pollen pro- 
file of the 30 in. of peat was spruce-fir-Jack pine to 
Jack pine-spruce-fir to Jack pine to Jack-white (red) 
pine (spruce and fir almost extinct) to white-red 
pine, to pine-oak-chestnut to oak-pine to oak-pine- 
hemlock-broadleaved forest. 

The closing layers of the peat mark the beginning 
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of the climatie optimum when dune activity buried the 
pond and compressed the peat. Radiocarbon dating 
(Table 1) by the University of Michigan laboratory 
gave the following time placement of forest changes: 
beginning of the pond near the close of the spruce-fir 
period, 8000 yr ago; the pine period, 6000 yr ago; 
the oak-pine period, 5000 yr ago; close of the pond 
at the beginning of the climatic optimum and initia- 
tion of dune building, 4000 yr ago. From the profile 
of a 32-ft deep bog, 15 mi inland from Lake Michigan, 
we know that during the past 4000 yr the climatic 
optimum continued to develop, as shown by increase 
of oak, hickory, and pine, and that in most recent 
times climatic deterioration oceurred during which 
change pine has increased in abundance. 

The geologic chronology of the Lake Michigan basin 
that can be fitted into this forest and climatic history 
is as follows. The blue silt underlying the 75-in. layer 
of sand is correlated with the Glenwood stage of Lake 
Chicago in the Lake Michigan basin. A radiocarbon 
date of 11,000 yr for the woody layer immediately 
overlying the blue Glenwood silts indicates that the 
deposition of the silts was followed by a withdrawal 
of the strandline, thus allowing the blue silts to be 
exposed to subaerial conditions, during which time 
the woody layer accumulated. The woody layer is cor- 
relative in time with the Bowmanville low water 
phase. 

Following this a return to the later stages of Lake 
Chicago—the Calumet Ii stage of Bretz (1), and 
Tolleston stage—and Lake Algonquin is indicated by 
continuous deposition of sand containing lenses of 


organie material, all of which accumulated in rela- 
tively shallow water behind a barrier beach. These 
lacustrine sands eventually emerged from beneath the 
surface of the water as a result of the opening of the 
North Bay outlet and the fall of Lake Algonquin to 
the extreme low-water phase which Hough (2) named 
Lake Chippewa. During this marked decline in water 
level (350 ft below modern Lake Michigan) a stream 
connected Lake Chippewa in the Lake Michigan basin 
with Lake Stanley in the Huron basin by way of the 
present Strait of Mackinac. It was also during this 
rapidly falling water level that dune activity ceased 
in the vicinity of South Haven because of the with- 
drawal of the strand line that constituted the source 
of the dune sand. The dunes became stabilized with 
forest cover and the 30 in. of peat accumulated in an 
interdunal depression. Radiocarbon dates from the 
top and bottom of the peat layer reveal that the bog 
existed for about 4000 yr. 

Uplift of the North Bay outlet caused the water 
level in the Michigan-Huron basins to rise to the level 
of Lake Nipissing. Return of the strandline to this 
level reinitiated dune action at South Haven; this re- 
sulted in burial of the peat and the building of a 25-ft 
dune above it. Since that time the shore has been 
eroded until the high water of 1952 revealed the 
buried peat layer. 

The age determinations from the University of 
Michigan Radiocarbon Laboratory (Table 1) are the 
basis for an absolute chronology of the Lake Michigan 
basin. Sample numbers have the prefix M to distin- 
guish them from the sample numbers of other radio- 


Table 1. Radiocarbon dates. 


No. Sample Age (yr) 

M-288a Wood from the top of the basal blue silt at the South Haven site. 11200 + 600 
Dates the Bowmanville low water phase in the Lake Michigan basin. 

M-288 Peat from the lowest 2 in. of the 30-in. peat layer at the South Haven 8350 + 500 
site. This dates the time when the waters of Lake Algonquin had al- 7500 + 500 
ready begun to drop to the Lake Chippewa level. The date is thus a Average, 7925 + 400 
minimum for Lake Algonquin and the time that the North Bay outlet 
became ice-free. Judging from the pollen at this level in the peat, the 
waning phase of the spruce-fir period in the South Haven latitude is 
also coincident with this event. 

M-289 Peat from the South Haven exposure, 7 in. above the base of the 30-in. 6330 + 400 
peat layer. Stratigraphically above M-288. A post-Algonquin—pre- 
Chippewa date. According to the pollen profile of the South Haven 
peat, this sample also dates the pine period. 

M-290 Wood from the central part of the South Haven 30-in. peat layer. 5000 + 400 
Interpreted as a date for the minimum level of Lake Chippewa in the 5185 + 400 
Lake Michigan basin. According to pollen at this level of the peat, Average, 5090 + 300 
this date marks the oak-pine period at the South Haven latitude. 

M-291 The upper 2 in. of peat in the South Haven exposure. Marks the time 


just before dune activity was renewed as a result of the return of the 
water from the Chippewa low water phase to the Nipissing stage. This 
date thus just precedes the Nipissing maximum and, according to the 
pollen at this level, just precedes the Xerothermic (oak-pine-hemlock- 
broadleaved forest in the South Haven latitude). By inference, then, 
the Nipissing stage and the Xerothermic perivd were coincident. 


4000 + 160 
4000 + 350 
Average, 4000 + 350 
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earbon laboratories. The samples are numbered in 
stratigraphic order, oldest (M-288a) to youngest 
(M-291). 


Several conclusions may be safely drawn from this 
study: (i) The time lapse between the Algonquin and 
Nipissing stages in the Lake Michigan basin was 4000 
yr (M-288 to M-291), with ake Algonquin ending about 
8000 yr ago (M-288) when the North Bay outlet became 
ice free. (ii) Lake Chippewa intervened between the 
Algonquin and Nipissing stages in the Lake Michigan 
basin about 5000 yr ago (M-290) and was coincident with 
the oak-pine period in southwest Michigan. (iii) The 
Xerothermic period reached a maximum some time after 
4000 yr ago and is coincident in time with the Nipissing 
stage in the Lake Michigan basin. 


JaMES H. ZUMBERGE 
Department of Geology, 
University of Michigan, Ann Arbor 
J. E. Porzcer 
Department of Botany, 
Butler University, Indianapolis, Indiana 
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Unusual Reagent 


The authors of an article in the Journal of Biologi- 
cal Chemistry [211, 168 (1954) ] acknowledge a gift 
of a sample of “standard human brain inhibitor.” 
Presumably this is the basis for man’s chronic diffi- 
culties in meeting the test. Who will discover the anti- 
dote? 

Davip E. Green 
University of Wisconsin, Madison 


6 January 1955. 


Bacitracin 

Experiments in this laboratory on the stability of 
bacitracin have uncovered the interesting fact that 
bacitracin will form an irreversible gel with certain 
chemicals. 

Two grams of bacitracin dissolved in 5 ml of water, 
aleohol, or acetone, or mixtures thereof, will form 
a gel in the presence of 200 mg or less of anethole, 
anisole, cinnamic aldehyde, and isosafrol. The time 
for gel formation varies with the chemical and con- 
centration. No gel is formed in the presence of men- 
thol, isopropyl benzene, benzocaine, ascorbie acid, 
oleic acid, eugenol, isoeugenol or safrol. In the pres- 
ence of isopropenyl benzene (insoluble in the system) 
or morpholine, no gel is formed. Using morpholine as 
a solvent a gel is formed with the bacitracin and iso- 
propenyl benzene. The presence of a conjugated ring 


system seemed necessary to gel formation except for 


the anomalous behavior of isoeugenol. 
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The gelling phenomenon occurred incidental to cer- 
tain of our pharmaceutical development work and 
was expanded to the extent described. It is reported 
here as isolated behavior of bacitracin in the hope 
that it may be correlated with more direct investiga- 
tions on the composition of the antibiotic. 


E. T. Martin 
R. E. 
Sharp and Dohme Division of Merck & Co. 
Philadelphia 1, Pennsylvania 
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The Individual in Chemical Research 


It is a fairly general belief that the individual re- 
searcher in chemistry has been supplanted in modern 
times by the research team. Numerical data to support 
this generalization apparently have not been collected. 

Information on this point ean be obtained by count- 
ing the number of papers in chemical journals that 
are written by a single author rather than by groups. 
There are some obvious flaws in this procedure as a 
measure of individual scientific endeavor, but the re- 
sults are, at least, interesting. The percentage of 
papers written by only one author in the Journal of 
the American Chemical Society (Table 1) has indeed 
decreased since 1918, indicating a probable decline in 
individual research. 

A further indication that few lone-wolf chemists 
exist in modern research is offered by the fact that 
not more than 15 authors in any one year (for the 
years given in Table 1) published more than two 
papers without coauthors. 

Since the Journal of the American Chemical So- 
ciety is sometimes accused of being primarily for or- 
ganic chemists (in 1940, for example, five organic 
chemists were senior authors of about 10 percent of 
the published papers; since then the percentage from 
these individuals has declined), a check was also made 
of the Journal of Chemical Physics where organic 
chemists probably would not be represented. In both 
1940 and 1950 this journal had approximately 40 


Table 1. Individual papers in the Journal of the Ameri- 
can Chemical Society. 


No. by 
Year Total a single Percentage 
— author 
1918 220 100 45 
1920 302 131 43 
1928 487 169 35 
1930 838 244 29 
1938 937 183 20 
1940 1084 180 17 
1948 1557 256 16 
1950 2022 282 14 


* Taken from reports by the editor published in the Journal 
itself or in Chemical and Engineering News; it does not in- 
clude book reviews. 
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percent of its contributions written by a single author. may be heated for a day in air to 990°C without “ 
Of course, most of the writers for this journal prob- change in its x-ray powder diffraction pattern; it 
ably classify themselves as physicists rather than as melts close to 1000°C. Ferrodickinsonite, when heated ( 
chemists. for a day in a platinum envelope in a sealed and evac- met 
The real frontier for the individual in science, how- uated capsule made of V¥cor glass tubing, inverts to wic 
ever, would appear to be in mathematics. In 1950, 98 _ ferrofillowite at 850°C. The Branchville fillowite when anc 
percent of the papers in the American Mathematical — similarly heated to 960° does not show an appreciable the 
Monthly were written by individuals. change in x-ray powder diffraction pattern. Some fac 
J.P. Puiwuirs_ cristobalite, presumably developed by the action of ace 
Department of Chemistry, Na on the Vycor glass, forms at temperatures of suk 
University of Louisville, Kentucky 800°C and above. Unless this involves a significant hee 
17 December 1954. change in composition, it seems probable that heating eve 
to 850°C causes dickinsonite to undergo a reconstrue- fur 
tive transformation yielding fillowite. to 
Soda Fe-Mn Pegmatite Phosphates Heated in air for 46 hr at 885°C, fillowite yields a On 
re diffraction pattern rather similar to but far from Ste 
The crystallography and thermal relations of al- identical with that of alluaudite. This material is be- jot 
luaudite, dickinsonite, and fillowite, the last three min- ing further investigated. Some of the diffraction pat- ret 
erals for which data are given in Table 1, are here terns from the ferrodickinsonite heated in air above om 
discussed ; no new data have been obtained for Da- 650°C are not quite identical with that from alluau- su 
trophilite (Table 1) or the little-knowa varulites. dite; the small differences will be discussed in a de- are 
Each of these five soda-phosphate minerals consists tailed paper to be published elsewhere. The heating un 
ee solid solution Fe-Ma The Sent experiments were conducted originally to find out at Se 
erals listed, chondrodite and fayalite, are silicates ; what temperature water assumed to be present was 
they are included to make clear the orientation used, lost; the results indicate that water does not play an 6 
which is that of chondrodite with c <a. The olivines essential role in any of these structures (3). , 
(represented in Table 1 by fayalite) are isotypous D. Juncus Fusum 7 
with the pegmatite phosphate triphylite. The latter Department of Geology, University of Chicago 
has a erystal structure similar to but not identical sai bis 
with that of natrophilite (7). The new unit-cell data References and Notes he 
for the last three minerals of the table were obtained 1. A. Bystrém, “The structure of natrophilite,” Arkiv Kemi. en 
from Chanteloube alluaudite and Branchville dickin- re 
sonite and fillowite. For Black Hills ferrodickinsonite Mineralogist 39, 676 (1954). ‘nn 
or arrojadite (2), a= 24.78, b=10.05, and c=16.51 A, 3. The ferrodickinsonite came from the Headden collection be 
In a series of thermal experiments it was found 
also supplied the fillowite. The Chanteloube alluaudite tir 
that the Black Hills ferrodickinsonite, when heated was furnished by F. A. Bannister of the British Museum, le 
for a day in air, alters to alluaudite between 485 and Kensington. ae 
555°C. On the other hand, Chanteloube alluaudite 22 December 1954. ge 
di 
Table 1. Silieate-phosphate crystal data. a, b, and e, lengths of the a, b, and ¢ edges of the unit cell; d, spacing. 
Crystal a b oon) per Specific 
Cations Mineral system (A) asin B (A) (A) e sin B B wall. per 
(A) (A) N 
(A*) 
Mg Mg Chondro- Mono- 10.29 9.73 4.74 7.89 7.45= 5x1.49 109° 02’ 364 3.20 
dite clinic 
Fell Fell Fayalite Ortho- 10.61 10.61 4.81 6.17 6.17= 4x1.54 — 90° 00’ 315 4,14 n 
rhombie St 
LiFe! Triphy-  Ortho- 10.36 10.36 4.68 6.01 6.01= 4x1.50 90°00 291 3.58 
lite rhombic ti 
Na Mn Natro- Ortho- 10.54 10.54 4.98 6.33 6.33= 41.58 90° 00’ 332 3893.47 li 
philite rhombie b 
Na Fell! Allu- Mono- 11.99 10.93 2(6.22) 6.38 5.81= 4x1.45 114° 20’ 867 3.58 
audite clinic 
NaMn  Dickin- — Mono- 2(12.44) 2(11.98) 2(5.05) 16.68 15.98=10%1.60 105°41" 4041 3.41 tl 
sonite clinic f 
NaMn Fillow- Rhombo- 15.25 43.32 8730 0 
ite* hedral 
sf * The optic axial angle (2V) is 30° +. The lattice symmetry lacks a mirror (m), as kindly pointed out by J. D. H. Donnay, . 
but has a 3-fold axis. t! 
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“Unpublished” or “In Press”? 


Curt Stern [Science 119, 221 (1954)] makes a com- 
ment on unpublished articles that has, in my view, 
wider implications. I submit that it is both conceited 
and illogical to say, for example, “Further details of 
these experiments will be published elsewhere” if, in 
fact, no further paper on the subject has yet been 
accepted for publication. Whether the paper has been 
submitted and not accepted, or whether it has not yet 
been prepared, does not affect the issue; in either 
event the author is not in a position to state that his 
further results will be published, unless he arrogates 
to himself the function and abilities of a prophet! 
On the other hand, if he wishes to refer to work that 
Stern calls “actually in press, that is, accepted by a 
journal,” it is both discourteous and inconveniently 
reticent to refrain from naming the journal. Refer- 
ence to work at this stage should be given in some 
such words as “Further details of this investigation 
are being published elsewhere (7).” Then, at the end 
under “References”: A. U. Thor and A. N. Other, 
Science, in press.” 


. A. L, BACHARACH 
26, Willow Road, London, N.W. 3 


17 June 1954. 


Our present policy, to which we doubtless have been 
holding all the more carefully as a result of Bacha- 
rach’s letter to us, is to ask authors to delete “in press” 
references when the name of the periodical which has 
accepted the paper cannot for one reason or another 
be furnished. As for references of the “in prepara- 
tion” and “unpublished” sort, these have often been 
left undisturbed. A reference to unpublished work 
may be useful for it enables—indeed, should be re- 
garded as inviting—interested readers to communicate 
directly with the author for details of the work. 


Method for Extraction of Substances 
from Liquid Samples 


A modification of the Soxhlet apparatus, which is 
normally used for extraction of substances from solid 
samples, makes it possible to use this apparatus to 
extract substances from liquid material also. Extrac- 
tion may be performed with solvents either heavier or 
lighter than the sample. Volatile substances can also 
be extracted. : 

When the solvent is lighter than the liquid sample, 
the modification consists of replacing the extraction 
thimble with a new device. This device consists of a 
funnel within a glass tube (Fig. 1). The bottom end 
of the funnel, though closed, must be perforated with 
small holes. The size of the funnel and tube will vary 
according to the size of the Soxhlet apparatus, and 
therefore depends on the volume of the sample. 
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If a Soxhlet apparatus with a 250-ml flask is used, 
the tube may be 8 em long and 2.5 em in diameter; 
the funnel will be 12.5 em long and 3.5 em in diameter 
at its largest point, and 0.8 em in diameter at the 
stem. In this case about 20 ml of sample may be used. 
The sample (for example, aqueous solution) is placed 
in the tube. The solvent, after being distilled, passes 
through the funnel and eseapes through the holes at 
the bottom; it then moves upward, passing through 
the sample, and extracts the material in it and forms 
a layer on the sample. After having reached the edges 
of the tube it goes into the Soxhlet apparatus and 
may be siphoned over to the flask. 

When the solvent is heavier than the liquid sample, 
the modification consists of replacing the extraction 
thimble with a glass tube having a small side ramifi- 
cation (Fig. 2). As in the case of solvents that are 
lighter than the liquid sample, the size of the Soxhlet 
apparatus must vary according to the volume of the 
sample. 

For a 250-ml flask, the tube, which must be slightly 
larger in diameter at the top, must be 11.5 em long 
and 2.5 em in diameter; its diameter at the widest 
point must be 3 em. The side ramification may be 5 em 
long and 0.5 em in diameter. In this instance, about 
20 ml of the sample may be used. Before placing the 
sample in-the tube, it is necessary to place some sol- 
vent in it in order to prevent drops of the sample 
from passing through the side ramification. The dis- 
tilled solvent reaches the surface of the sample; being 


Fig. 1. Modification for solvent S lighter than water; L, 
liquid sample; H, holes, 


Fig. 2. Modification for solvent S heavier than water; L, 
liquid sample. 
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heavier, it passes down through the sample and ex- 
tracts the substance. The solvent reaches the side 
ramification level, goes into the apparatus, and may 
then be siphoned over to the flask. 

This method can be used for several purposes: for 
extraction of substances from liquid samples; for 
volatile substances or solvents; for solvents lighter 
than the samples; for solvents heavier than the sam- 
ples; for partial extractions (the flask with solvents 
must be changed during the extraction). The method 
is being used for extraction of organic acids in feces, 
in research assisted by financial grants from the Sao 
Paulo Jockey Club. 

Dircev P, NEVES 
YOLANDA TAVARES 
Hospital das Clinicas, 
Faculdade de Medicina da 
Universidade de Sado Paulo, Brasil 
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Reingestion in the Hare Lepus 
europaeus Pal. 


The domestic rabbit produces special small soft 
fecal pellets that it takes directly from the anus and 
swallows whole (17-4). In this way, a large part of 
the food passes twice through the alimentary tract. 
This behavior, which has been termed refection (2) 
or, more appropriately reingestion (5), also occurs 
in the wild species (Oryctolagus cuniculus) (6) and is 
an important daytime activity of the animal (5). The 


Table 1. Incidence of reingestion in Lepus europaeus. 


No. No. with 


Time of day examined soft feces 


2 A.M. 
4 A.M. 
6 A.M. 
8 A.M. 
10 A.M. 
12 Noon 
2 P.M. 
4 P.M. 
6 P.M. 
8 P.M. 
10 P.M. 
Midnight 


to 


| 


Total 


| coco’ 


question arises as to how far it is a feature of the 
biology of lagomorphs generally. A casual observa- 
tion on a pet hare recorded as long ago as 1895 (7) 
suggested that reingestion also occurred in this spe- 
cies. It was therefore decided to collect wild hares 
(Lepus europaeus) at known times of the day and 
to examine the contents of the stomach and rectum 
for evidence of this behavior. Altogether 66 hares 
were examined from various localities in New Zea- 
land. 

The recta of several of these animals contained 
soft amorphous feces, and apparently identical mate- 
rial was present in the cardiac ends of their stom- 
achs. The fecal origin of this material in the stomach 
was confirmed by the presence of comparable numbers 
of odcysts of intestinal coccidia in both the feces and 
stomach contents of several of the animals. Table 1 
groups all the animals examined into 2-hr periods 
throughout the day according to the time of death. 
It can be seen that the amorphous feces were found 
only in hares killed between 6 a.m. and 4 P.M. and 
that they were found in the recta of all animals killed 
between 8 a.m. and 12 noon. This corresponds almost 
exactly to the time when reingestion takes place in 
the rabbit (5) and shows that the hare has a similar 
well-defined diel rhythm. 

It now seems likely that reingestion will be found 

as a normal feature of lagomorph biology. So far 
only two European species O. cuniculus and L. euro- 
paeus have been studied, and no information has been 
recorded on this aspect of the biology of any of the 
many American species. Reingestion could easily be 
overlooked, particularly if the soft feces are semi- 
liquid, as in the European hare, since then they might 
be taken as an indication of some intestinal disorder; 
however, the regularity in the time of their appear- 
ance should disclose their real nature. 
J. S. Watson 
R. H. Taytor 
Animal Ecology Section, 
Department of Scientific and Industrial Research, 
Wellington, New Zealand 
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Science does not know its debt to imagination.—R. W. EweErson. 
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PHIPPS & BIRD 
OFFERS YOU A WIDE RANGE OF 


Kymographs 


WALTON KYMOGRAPH 
Cat. No. 70-102 
An unusually wide range of driving speeds with- 
é s out the disadvantages of gear shifting. Dual con- 
trols—directly visible and accessible. Immediate 
BIRD KYMOGRAPH change of speed without lag. Tracing is continuous. 


Cat. No. 70-060 

Rugged in construction, simple and con- 

venient to operate. Four speed changes: 

2.2 cm., 11.0 cm., 54 cm. and 270 cm. 

For routine laboratory work or for GIANT 33 In. KYMOGRAPH 
Cat. No. 70-0602 

Developed specifically for the lab- 
oratory wishing to record long lin- 
eral responses. Can be used with 
single length strip or continuous 
feed attachment, Constant speeds 
of 2.2 cm., 11 cm., 54 cm. and 
270 cm. available. 


BIRD V-H KYMOGRAPH 

Cat. No. 70-142 

Used for vertical and horizontal 
recording. Continuous feed. De- 
signed for 10-inch paper, yet will 
feed narrower widths. Eight speeds 
from 2 cm. to 450 cm. 


New Phipps & Bird Polyethylene brochure available. Write for your free copy. 


PHIPPS ABIRD, INe. 


MANUFACTURERS AND DISTRIBUTORS OF SCIENTIFIC EQUIPMENT 
6TH & BYRD STREETS — RICHMOND, VA. 
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Editor: James H. Shaw, Harvard School of Dental Medicine 
6 x 9 inches, 240 pages, 24 illustrations, index, clothbound, 1954 
Price $4.50. AAAS Members’ prepaid order price $4.00. 


A symposium volume of the American Association 
for the Advancement of Science 


The fluoridation of water supplies has become a subject of intense national interest. This 
volume offers a comprehensive evaluation of our present knowledge of the benefits and possi- 
ble dangers of fluoride ingestion and the importance of fluoridation in dental caries and hu- 
man health. Both scientific research and engineering implementation are covered. 

This book will prove to be an invaluable reference for the public health worker, the sani- 
tarian, the civic official, the waterworks engineer, and the interested layman. The eminent 
qualifications of each of the chapter authors should be sufficient to inspire confidence in 


the unbiased authenticity of the material. 


TABLE OF CONTENTS 


Resume of Dental Benefits of Fluoride Ingestion 


Acute Fluoride Poisoning and Crippling Chronic 
Fluorosis 


Metabolism of Inorganic Fluorides 
Some Public Health Aspects of Water Fluoridation 


Medical Aspects of Excessive Fluoride in a Water 
Supply: A Ten-Year Study 


A Long-Term Medical Study of Children in a 
Community with a Fluoridated Water Supply 


The External Action of Fluorides and Other Agents 
on the Teeth in the Prevention of Tooth Decay 


Relative Merits of Various Fluoridation Vehicles 


Engineering Aspects of Fluoridation Installation 
Determination of Fluorides in Water 


Some Chemical Aspects of Water Fluoridation 


ZacHary M. Stapt, Contra Costa County Health 
Department, Martinez, California 


Gera.p J. Cox, University of Pittsburgh 
Epwarp J. Larcent, University of Cincinnati 


Harotp C. Hopce and Frank A. Univer- 
sity of Rochester 


N. C. Leong, F. A. Arno.p, Jr., E. R. ZimMeEr- 
MAN and P. B. Gerser, National Institute of Dental 
Research, National Institutes of Health; J. E. Lres- 
ERMAN, Office of Biometry, National Institutes of 
Health; M. B. Surmxrn, National Cancer Institute, 
National Institutes of Health; and C. A. STEvEN- 
son, Scott and White Clinic, Temple, Texas 


Epwarp R. ScHLESINGER, New York State Depart- 
ment of Health and Union University; Davm E. 
Overton and Heven C. Cuase, Newburgh-Kings- 
ton Fluoridation Survey Project 


G. Brissy, Eastman Dental Dispensary and 
University of Rochester, and Finn Brupevo.p, 
Eastman Dental Dispensary, Rochester, New York 


F. Soonnags, Harvard University 


O. J. Mugcce, Wisconsin State Board of Health, | 


Madison, Wisconsin 


James G. Weart, Department of Public Health of 
the State of Illinois, Springfield, Illinois 


M. Starr Nicuors, University of Wisconsin and 
State Laboratory of Hygiene, Madison, Wisconsin 


American Association for the Advancement of Science 
1515 Massachusetts Avenue, N.W., Washington 5, D.C. 


English Agents: Bailey Bros. & Swinfen, Ltd., 46, St. Giles High Street, London, W. C. 2 


ScIENCE, VoL. 121 


FLUORIDATION AS A PUBLIC HEALTH MEASURE =~; 
H 
8 |: 

| 
= | 


UMECO 


FULLY GUARANTEED 


Meyer’s Gear System. Fine 
Focusing, Extreme Precision. 
No baek-lash can oceur despite 
constant use, 


Graduated 
Mechanical 
Stage 


$39 500 


3-lens ABBE Includes 

Condenser Monocular Tube 

with for photo- 

Decentering micrography, all 

Device for accessories, & 

Oblique Light MODEL E3N ee 
work. 50X-2250X 


BINOCULAR MICROSCOPE 


UMECO OPTICAL COMPANY 
Dept. 2S, 465 California Street, San Francisco 4, Calif. | 


FRACTION COLLECTOR FOR CHROMATOGRAPHY 


_ CHECK THESE IMPORTANT Two METHODS OF COLLECTION ...timed-flow and volu- 

“FEATURES OFFERED BY THE FULLY for 

or volumetric operation. COLLECTS Up To 400 SAMPLES 

NEW RECO MODEL F1200 ... resulting in sharper differentiation of components. 

READILY INTERCHANGEABLE RECEIVER PLATES... afford- 

f ing widely varied volumes per fraction. FouR CHROMATOGRAPHIC 
AD 


COLUMNS CAN BE OPERATED SIMULTANEOUSLY... each delivering into 
——— an individual row of tubes. COLLECTS SAMPLES ON A VOLUME BASIS 
AS SMALL AS 3cC...and up to 90 ml. with standard receiver plates. 
Timed Interval Between Tubes from 30 Seconds to 50 Minutes. 
Samples in Full View for Ready Observation. ACCURATE. . . and 
Completely Dependable in Performance. 


STANDARD EQUIPMENT: Stand with four stainless steel support posts. 
Heavy duty worm gear reduction motor with indexing 
mechanism. Two receiver plates: one holding 400 13 mm 
tubes, the other 100 25 mm tubes. Three volumetric 
siphon assemblies. Timer/Controlle:. 


PRICE: RECO Model F1200 Fraction Collector, complete $525.00 


—— Literature describing the complete line of RéCO Paper Partition 
Write for Brochure Chromatographic Equipment and Supplies sent on request. 


F10 describing 
the Reco Fraction MANUFACTURER 
Collector. 


RESEARCH EQUIPMENT Corporation 


\1135 THIRD STREET «© OAKLAND, CALIFORNIA 


SCIENCE is published weekly by the AAAS, 1515 Massachusetts Ave., NW, Washington 5, D. C. Entered at the Lancaster, Pa., Post Office as second 
class matter under the act of March 3, 1879. Annual subscriptions: $7.50; foreign postage, outside the Pan-American Union, $1; Canadian postage, 50¢. 
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G.A.B. Interference Filters 


(Made in Switzerland) 
for isolating narrow spectral bands 


MUU 
1 [ 
ave LALLY 
800 600 650 700 780 


one ee 
Spectral Range: 400-900 millimicrons 
Spectral Width: 12-15 mu, Transm.: 45-50% 
Size: 2” x 2”. Other sizes on order. 

For 
Flame Photometry and Color Densitometry 
Microscopy and Photomicrography 
Colorimetry and Fluorimetry 
also in reflectometry, light scattering measurements, 
microcolorimetry, refractometry, polarimetry, and in all 


other fields requiring monochromatic light in the visible 
and near-infrared range. 


Write for Bulletin #180 to 


PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N. Y. 


PHOTOVOLT 


Exposure Photometer Mod. 200-M 
f 


PHOTOMICROGRAPH Y 


Accurate determination of exposure time in 
black-and-white and color photomicrography 


Write for Bulletin #810 to Price $92.00 


PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N. Y. 


FOR CONTINUOUS, 
FOR ACCURATE 
DUST SAMPLING 
FOR PERMANENT RECORDS 


KONISAMPLER 
(pat. pend.) 


Employs principle of thermal precipitation. Light weight— 
quiet—all electric Automatic timer—will also operate 
continuously—secures particulate matter suitable for 
microscopic, electron microscopic or visual and for per- 
manent records on standard glass slides. 


Cost (complete) with carrying case 
Send for descriptive brochure K-1 


ig and of continuou vimetric 
and oscillating types of thermal procipitaters. 


JOSEPH B. FICKLEN Ill 
1848 East Mountain St. Pasadena 7, California 
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Ad ine Triphosphate (ATP); Amygdalin; Amylase; 
Animal Lecithin; Ascorbic Acid Oxidase; Bacitracin; 
BAL; Biotin, cryst.; Caffeic Acil; Carotene, cryst. ; 
Catalase; Cellulase Chlorogenic Acid; Chorionic 
Gonadotropin; Circulatory Hormone; Colchicine; Cy- 
tidylic Acid; Cytochrome C; Dehydroascorbic Acid; 
Diacetonamine; Dihydroxyacetone; Dihydroxyphenyla- 
lanine (DOPA); Dipyridyl; Edestin; Emulsin; Ery- 
thritol; N-Ethylpiperidine; Fibroin; Folic Acid; 
Galacturonic Acid; Gentisic Acid; Girard Reagents P 
and T; Gliadin; Glucose Pentaacetate; Glucuronic 
Acid; Glyceraldehyde; Glyceric Acid; Heparin; Horde- 
nine; Hyaluronidase; Hydrindene; 2-Hydroxyadipalde- 
hyde; Humulon; Indan; Isoascorbic Acid; Isopropyl- 
arterenol; Kojic Acid; Kynurenic Acid; Lanthionine; 
Lipase; Lysozyme; Lyxose; Malononitrile; Maltase; 
Melezitose; Mesobilirubinogen; Muscle Adenylic Acid; 
p-Nitrophenylphosphate; Nucleoprotein; Orcinol; Pan- 
creatin; Pantothenyl Alcohol; Penicillinase; Peroxidase; 
Phenazine; Phenylpyruvic Acid; Phloridzin; Phosphory- 
lase; Piperin; Porphyrindine; Protamines; Protoporphy- 
rin; Pyridoxal; Pyridoxamine; Pyrocatechuic Acid; 
Pyruvic Aldehyde; Ribonuclease; Saccharic Acid; Sal- 
mine; Serine Phosphoric Acid; Spermidine; Sperminc; 
Thioacetic Acid; Thiocytosine ; Thyroxine; Trigonelline; 
Triphenyltetrazolium Chloride; Tripyridyl; Trypsino- 
gen; Tyrosinase; Tyrothricin; Urease; Uricase; Uri- 
dine; Vitellin; Xanthosine. 


Ask us for others! 


DELTA CHEMICAL WORKS | nc. 


3 West 60th St < 23 
Telephone Plaza 
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Forest Service Observes Its 
Golden Anniversary 


IFTY years ago 1 February, the Forest Service 

was established in the Department of Agricul- 
ture. It inherited the functions of the old Bureau of 
Forestry and the administration of the Forest Re- 
serves, now called national forests. Gifford Pinchot 
was named its chief. 

Pinchot was not the first forester in this country, 
nor was the Forest Service the first federal agency 
to deal with forests, but he and his Forest Service 
were the first to propound “conservation of forest 
resources through wise use.” 

It has taken 50 years and the combined efforts of 
the state and federal forest services, forestry schools, 
and conservation-minded industries, individuals, and 
organizations to put across the theory that trees can 
be managed as a crop. 

Today the Forest Service still carries on the work 
it inherited. It aids private landowners through co- 
operative programs with the state which provide for 
fire protection, distribution of planting stock at nomi- 
nal cost, and technical-on-the-ground assistance in for- 
est management. It also provides leadership in the 
control of forest insects and diseases. It administers 
181 million acres of national forests. It carries on 
research, 

One of the great achievements in forestry during 
the past 50 years is the progress made in putting 
Pinchot’s sustained-yield idea into effect on privately 
owned lands. Today many large timber companies hire 
trained foresters to manage their woodlands, and 
some grow their own seedlings to replant burned-over 
and barren land. An increasing number of small land- 
owners are getting professional advice on how to 
manage their forests and are planting more trees 
each year. 


Some other accomplishments in~forest conservation are 
(i) organized fire protection on 374 million acres, or all 
but 50 million acres, of forests in this country; (ii) de- 
velopment of new pulping processes particularly adapt- 
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able to hardwoods which have little other commercial 
value; (iii) production of kraft paper and newsprint 
from southern pine, which also has limited commercial 
use; (iv) construction of structural sandwich wood, which 
resulted in the mosquito bomber of World War II and is 
now used in freight cars; (v) invention of the fire-danger 
meter, which indicates the flammability of the forest 
through integration of data on humidity, wind velocity, 
moisture in the forest, days since the last rain, and the 
season of the year; with this information foresters can 
estimate how fast a fire is likely to spread and how hard 
it will be to control, plan which towers to man and how 
many firefighters to alert; (vi) use of air-borne para- 
chutists to fight fires in the remote areas of the West; by 
getting to fires while they are small, these smokejumpers 
have saved thousands of dollors’ worth of timber; (vii) 
improvement in the turpentining of longleaf and slash 
pine trees through application of sulfuric acid, which 
takes less labor, wastes less wood, and results in a higher 
yield of gum; (viii) rehabilitation of the Wasatch Range 
in Davis County, Utah, through the construction of con- 
tour trenches and revegetation on the high country; the 
land that had been so overgrazed that mudflows and floods 
almost ruined the valley below in the 1920’s is now cov- 
ered with grass and herbaceous growth that holds the 
water and has almost eliminated floods; (ix) improve- 
ment of national forest rangeland with 29,250 mi of fence, 
3260 mi of driveways, 17,700 water developments, reseed- 
ing of 550,600 acres, removal of sagebrush from 8568 
acres and juniper from 12,600 acres, and better manage- 
ment of livestock on the range. 


Thus progress has been made in the conservation 
of forest resources. Forest conservationists in the 50 
years ahead, however, will be faced with the problem 
of producing more wood, water, and forage from for- 
est lands to meet the increased demands of a growing 
population. This necessitates better utilization of 
present supplies, plus planting millions of acres of 
rundown and burned-over potential forest land, man- 
agement of millions of acres of forest, especially those 
in small ownerships, and adopting a system of quick 
detection and control of insects and diseases to pre- 


vent timber losses. 
Dororny M. Martin 
Forest Service, U.S. Department of Agriculture 
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—A Versatile Instrument for the Measurement — 


No. 8880A 
DENSICHRON 


PROBE 


The Welch Densichron is an electronic densitometer of good 
sensitivity and unusually high stability. It can be employed 
either for quantitative measurement of optical density, or as a 
sensing device for automatic control of various industrial 
processes in which constancy of transmitted or reflected light 
is a criterion of the quality or uniformity of the product. 


It consists essentially of a probe unit containing a photo- 
electric tube for detecting light energy and an amplifier to 
which it is connected by a flexible cable. The amplifier in- 
corporates a milliammeter calibrated to indicate either optical 
density on a “log” scale or percent transmission on a “linear” 
scale, depending upon the model. 


The logarithmic optical-density scale extends from 0 to 1.5 
and density is readable to 0.01. A three-step range switch in- 
creases the range to a maximum density of 4.5 with no loss in 
sensitivity or precision of readings. This range represents a 
linear response of the receiver to variations in light intensity of 
over 30,000 to 1 


The meter movement used in the log-scale model of the 
amplifier is designed in such a manner that the deflections are 
very nearly proportional to the logarithm of the reciprocal of 
the activating photoelectric current. This is advantageous in 
both densitometry and p ry h as optical density 
in both cases is this same function of photoelectric current and 
the scale can therefore be calibrated in essentially uniform 
increments of optical density. A lower scale on this meter is 
used for determining photographic exposure times. 


The meter in the percent-transmission model uses a stand- 
ard meter movement and indicates percent transmission on a 
linear scale. This may also be considered as percent reflectance 
or percent incident light upon the phototube. The full range 
of the scale for the first position of the range switch is from 
0 to 100% transmission. Other positions of the switch provide 
ranges of 0 to 10%, 0 to 1% and 0 to 0.1%, respectively. The 
lower scale on this meter is calibrated to read directly the opti- 
cal density ne to the percent transmission indicated 
on the upper scale 


1515 Sedgwick Street, Dept. E 


of Reflectance and Transmittance 


Patent No. 2424933 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 


Manufacturers of Scientific Instruments and Laboratory Apparatus 


No. 38324 
REFLECTION UNIT 


The amplifier also produces an A.C. output signal, the 
voltage of which is a measure of the light intensity, and pro- 
vision is made for utilizing the direct current of the ammeter 
circuit in an external circuit. The instrument therefore supplies 
a voltage which can be used to operate either a control mecha- 
nism or a standard ink recorder. ° 


Principle of Operation 


The outstanding feature of the Densichron is its patented 
system for magnetically modulating the space current in a 
phototube.* This is accomplished by applying a 60-cycle alter- 
nating magnetic field across the path of the electron beam, 
thereby deflecting the electrons from their path to the anode 120 
times per second. The output current of the tube is thus 
changed from its normal steady value to a pulsating output with 
a frequency of 120 cycles per second. When the usual direct-cur- 
rent output of a phototube is amplified, the measuring instru- 
ment is subject to severe zero drift necessitating frequent recali- 
bration, and its response is slow. The pulsating output from the 
Densichron phototube, however, is capable of stable, high-gain 
amplification with rapid response. 

Although the Densichron can be used in a wide variety of 
ways it is a simple device to use and requires no special opera- 
tor skill. It will perform satisfactorily in routine operations for 
long periods of time with little or no servicing, yet is readily 

daptable to able types of special measuring techniques. 


19, Fone 4 Kalmus and George O. Striker, Rev. Sci. Inst., 
8830A. DENSICHRON WITH BLUE PROBE. This 


consists of the amplifier with logarithmic-scale meter, blue- 
sensitive probe, metal probe support, five different measuring 
apertures, a cone with %-inch aperture, and a set of instruc- 
tions. The amplifier operates on 115 volts, 60-cycle A.C. only. 
except on special order. Each, $225.00 


8830B. DENSICHRON WITH RED PROBE. This is 
identical with No. 3830A except that a red-sensitive probe is 
furnished in place of the blue-sensitive probe. Each, $225.00 


Chicago 10, Illinois, U. S. A. 
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You can put your library 


BRINKMANN in a card catalog with 


INSTRUMENTS, INC. Microprint 
GREAT NECK, N. Y. S222 Cards 


ANNOUNCING THE 


NEW SEMI AUTOMATIC 
MAGNETIC NEEDLE PULLER 


FOR MICRO PIPETTES AND NEEDLES 
PRICE FROM $200.99 


Read it in 
complete comfort with a 
KODAGRAPH MICROPRINT READER 


‘Consider this: By reduction, as many as 
sixty conventional book pages go on one side of a 
3 x 5-inch card. An abstract and filing data can go on 
the other side. Thus, the library card catalog becomes 
the library itself! So great is the space-saving that indi- 
R © viduals in an organization can conveniently have their 

a 1 oO = own duplicate libraries of the literature and data they 
most frequently use. 


. You read your microprint cards in complete 
Cc t ] V e comfort. The Kodagraph Microprint Reader has a 
green screen, tilted 11° because that seems to be easi- 


est on the eyes. Room lights need not be dimmed. 
The Reader takes microprint cards of any size ny 
81% x 14 inches. You feed them into the Reader like 
paper into a typewriter. 
Many microprint publishers offer editions of stand- 
ESTRONE 16-C“ ard works my periodicals. Many of these publishers 


Activity per mg. are also prepared to make microprint cards of your 
2.7 microcuries own literature and reports. 
per mg. $50.00 To get a that can solve 
14 the problems o, ulking, speedy dissemination, and stor- 
ESTRADIOL 16-C age of literature and gelvale internal data, mail the cou- 
Activity per mg. pon below. 
2.7 microcuries 
Price per mg. $65.00 | 


PROGESTERONE 21-C" EASTMAN KODAK COMPANY 
Activity per mg. Business Photo Methods Division, Rochester 4, N. Y. 
2.25 microcuries Please send me the information checked: 


or (CD Where | can see a Kodagraph Microprint Reader. 
DESOXYCO RTICOSTERONE (CD Felder on the Reader and sample microprint card. 
ACETATE 21-C" (CD List of publishers of microprint cards and manufacturers 
Activity per mg. of microprint cards to order. 
2.25 microcuries NAME 
Price per mg. $40.00 


IMMEDIATELY 
AVAILABLE 


Statement of your 
government depart- 
ment dealing with 
atomic energy to- 
gether with “Atomic 
Energy of Canada 
Limited Form No. 
247” should be 
filed with each 
order. 


For these forms 
and other 
information, 
write to: 


Charles Frosst &Co. . . . 


PHARMACEUTICAL and CHEMICAL P.O. BOX 247 
MANUFACTURERS MONTREAL, CANADA 
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Outstanding 


McGRAW-HILL BOOKS 


PROPAGATION OF HORTICULTURAL 
PLANTS. New Second Edition 


By G. W. ADRIANCE and F. R. Brison, A. & M. 

College of Texas. McGraw-Hill Publications in the 

Agricultural Sciences. Ready in May 
A comprehensive discussion of the various methods of 
propagation. New material is added on seed treat- 
ments that hasten germation, soil sterilization, and 
relative costs of growing plants in different kinds of 
hotbeds. Physiological and structural factors that in- 
fluence successful propagation by cuttage, layerage, 
budding, and grafting are included, as are the use of 
other new materials. 


APPLIED ENTOMOLOGY. New Fifth Edition 


By H. T. FERNALD and HAROLD H. SHEPARD, U. S. 

Department of Agriculture. McGraw-Hill Publica- 

tions in Agricultural Sciences. Ready in April 
In this new edition, the sections on control are brought 
up-to-date to include information on DDT and newer 
chemicals. Greater emphasis is placed on the methods 
of application, precautions for use, and government 
regulation of insecticides. Deals with the control of 
insect pests, and also provides an introduction to 
insect classification and other phases of entomology. 
New species, which have become major pests, are 
covered. 


METHODS OF PLANT BREEDING. 
New Second Edition 


By H. K. HAYES, University of Minnesota, F. R. 
IMMER, and D. C. SMITH, University of Wisconsin. 
McGraw-Hill Publications in the Agricultural 
Sciences. Ready in April 
This revised text and reference work includes new 
material on geographical origin of plants, a more ex- 
tended review of the basic nature of plants, and chap- 
ters on heterosis and heritability. There is a new dis- 
cussion of cotton, sorghum, forage crops, and other 
cross-pollinated plants. All this adds markedly to the 
development of fundamental principles and their illus- 
tration for specific plants. 


GRAIN CROPS. New Second Edition 


By HAROLD K. WILSON, Pennsylvania State Univer- 

sity. McGraw-Hill Publications in the Agricultural 

Sciences. Ready in April 
The revision of this complete volume on the charac- 
teristics, varieties, growth, harvesting, and marketing 
of the major grain crops covers all the latest advances 
in crop science. Up-to-date discussions of the control 
of plant diseases, insects, and weeds are included; and 
new material on soils, soil fertility, and the important 
relation between soils and grain crops has been added. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, Inc. 
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330 West 42nd Street - New York 36,N. Y. 


Meetings & Conferences 


March 


25-26. Michigan Acad. of Science, Arts and Letters, E. 
Lansing, Mich. (George M. McEwen, Univ. of Mith., 
Ann Arbor.) 

28-31. American Assoc. of Petroleum Geologists, New 
York, N.Y. (E. H. Powers, Box 670, Fort Worth, Tex.) 

28-1. Western Metal Exposition, 9th, Los Angeles, Calif. 
(W. H. Eisenman, 7301 Euciid Ave., Cleveland 3, Ohio.) 

29-7. American Chemical Soc., 127th national, Cincinnati, 
Ohio. (A. H. Emery, 1155 16 St., NW, Washington 6.) 

81-2. Soe. of Research in Child Development Monticello, 
Ill. (C. B. Stendler, College of Edueation, Univ. of Il- 
linois, Urbana.) 

April 

1-5. Japan Medical Cong., Kyoto. (M. Goto, Univ. Hos- 
pital, Kyoto Univ., Kyoto.) 

2. Kappa Delta Pi, Cleveland, Ohio. (E. I. F. Williams, 
238 E. Perry St., Tiffin, Ohio.) 

8-6. American Astronomical Soc., Princeton, N.J. (C. M. 
Huffer, Washburn Observatory, Madison 6, Wis.) 

8-7. American College Personnel Assoc., Chicago, Ill. (C. 
Evans, Univ. of Indiana, Bloomington.) 

4. American Educational Research Assoc., Cleveland, 
Ohio. (F. W. Hubbard, 1201 16 St., NW, Washington, 
6, D.C.) 

4-5, Atomic Industry Conf., San Francisco, Calif. (Atomic 
Industrial Forum, 260 Madison Ave., New York, N.Y.; 
or Stanford Research Inst., Stanford, Calif.) 

4-5. Histochemical Soc. Symposium, Philadelphia, Pa. (A. 
B. Novikoff, Waldemar Medical Research Foundation, 
Port Washington, N.Y.) 

4-5. National Gastrointestinal Cancer Conf., sixth, New 
York, N.Y. (Morris K. Barrett, National Institutes of 
Health, Bethesda 14, Md.) 

4-6. American Assoc. of Physical Anthropologists, Phila- 
delphia, Pa. (J. L. Angel, Jefferson Medical College, 
307 S. 11 St., Philadelphia 7.) 

4-6, International Meeting on Phlebology, 3rd, Aix-en- 
Provence, France. (F. Beurier, 4 Cours Mirabeau, Aix- 
en-Provence. ) 

5. Microcirculatory Conf. for Physiology and Pathology, 
2nd, sponsored by American Association of Anatomists, 
Philadelphia, Pa. (G. P. Fulton, College of Liberal Arts, 
Boston Univ., 725 Commonwealth Ave., Boston 15.) 

5. Tissue Culture Assoc., annual, Philadelphia, Pa. (M. R. 
Murray, TCA, College of Physicians and Surgeons, New 
York 32, N.Y.) 

5-7. French Medical Cong. on Thrombosis and New Anti- 
bioties, 30th, Algiers, Algeria. (R. Raynaud, 12 Rue 
A.-Leluch, Algiers.) 

5-7. Radio Technical Commission for Aeronautics, spring 
assembly meeting, Los Angeles, Calif. (RTCA, Room 
2036, Building T-5, 16th and Constitution Ave., NW, 
Washington 25, D.C.) 

6-8. American Assoc. of Anatomists, Philadelphia, Pa. 
(N. L. Hoerr, 2109 Adelbert Rd., Cleveland 6, Ohio.) 

8-9. Pennsylvania Academy of Science, Philadelphia, Pa. 
(K. Dearolf, Public Museum and Art Gallery, Reading.) 

9. South Carolina Acad. of Science, Columbia, 8.C. (H. 
W. Freeman, Univ. of South Carolina, Columbia.) 

10-15. American Inst. of Homeopathy, Washington, D.C. 
(W. R. Huntsman, AIH, 1601 Chestnut St., Philadel- 
phia 3, Pa.) 
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A NEW JOURNAL 


VIROLOGY 


EDITORS: 


GEORGE K. HIRST, Editor-in-Chief 
The Public Health Research Institute of the City of New York, Inc. 
New York 9, New York 


L. M. BLACK S. E. LURIA 


University of Illinois, Urbana, Illinois University of Illinois, Urbana, Illinois 


ASSOCIATE EDITORS: 


C. H. ANDREWES A. D. HERSHEY GLENN S. POUND 

C. A. BRANDLY FRANCIS 0. HOLMES THEODORE T. PUCK 
SEYMOUR S. COHEN FRANK L. HORSFALL, JR. A. F. ROSS 

A. H. DOERMANN HILARY KOPROWSKI H. K. SCHACHMAN 
JOHN F. ENDERS © ANDRE LWOFF. EDWARD A. STEINHAUS 
CHARLES A. EVANS JAMES W. MOULDER ROBLEY C. WILLIAMS 
WERNER HENLE Cc. E. YARWOOD 


RS DEVELOPMENTS in virology have emphasized the value of the compara- 
tive approach. Advances in one area of virus research often have important 
implications in others. The literature on virus subjects is widely scattered, mostly 
in journals which reach workers in only one area, and the desirability of a period- 
ical exclusively devoted to virus science has been suggested by many investigators. 


The purpose of Virology will be to publish articles on the biological, biochem- 
ical, and biophysical aspects of the subject, stressing contributions of a fundamental 
rather than applied nature. It is hoped that the journal will contribute to the inte- 
gration of virus science by providing a ready introduction to all its fields. 


It is planned to publish one volume per year. Volume 1, 1955, will consist of 
five issues, and will be priced at $9.00. Volume 1, Number 1, is scheduled for release 
during May 1955. 


Manuscripts should be submitted to the Editorial Office, VIROLOGY, 
125 East 23 Street, New York 10, New York. 


Please send subscription orders to 


ACADEMIC PRESS INC., Publishers 


125 East 23 Street, New York 10, New York 
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PERSONNEL PLACEMENT i 


YOUR ad here reaches over 32,000 foremost scientists 


in the leading educational institutions, industrial 
laboratories, and research foundations in the U. S. 
and 76 foreign countries — at a very low cost 


CLASSIFIED: 18¢ per word, minimum charge $3.60. Use of 
Box Number counts as i0 additional words. 


DISPLAY: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 
—provided that satisfactory credit is establis' 

Single insertion $19.50 per inch 

r 17.50 per inch 

16.00 per inch 
26 times in 1 year 14.00 per inch 

52 times in 1 year 12.50 per inch 

For PROOFS on display ads, copy must reach SCIENCE 4 
weeks before date of issue ‘Friday of every week). 


(a) Anatomist; Ph.D.; six years, assistant professor, anatomy, 
university medical school. (b) Physiologist, Ph.D.; B.S. (Zool- 
ogy); M.S., poultry husbandry (Physiology "Genetics) ; four years’ 
research assistant, university poultry department; particularly 
interested in research or teaching with research. Medical Bureau 
(Burneice Larson, Director), Palmolive Building, Chicago. X 


Bacteriologist : 
in fermentation; 2 
Florida or vicinity, 


M.S. minor in biochemistry. 2 years experience 
ears in method’s research, Desires position 
3ox 49, SCIENCE, xX 


Biochemist—Pharmacologist, Ph.D., male, 10 years experience in 
biochemical and other basic medical science research in medical 
school and pharmaceutical industry. Some experience in routine 
clinical biochemistry laboratory. Publications. Box 42, SCIENCE, 


Three 
Desires 


Pharmacologist: Ph.D. (June 1955). Minor in Physiology. 
years Instructor in Biochemistry. Registered —- 
research or teaching position. Box 48, SCIENCE 


Pharmacologist, Ph.D., experienced, general cardiovascular, radio- 
isotopes, administrative, clinical research. Desires relocation, aca- 
demic, industrial or medical research. Box 55, SCIENCE. Xx 


Ph.D., 


Plant and Microbial Physiologist, desires research posi- 
tion; particularly ese _in algal physiology, breeding, and 
mass culture. Box 39, SCIENCE. 2/25 
Psychophysiologist; research, clinical EEG; professional clinical 
psychologist; extensive background; teaching, research, various 
areas of field; relocate by September. Box 46, SCIENCE, x 
Zoology—Ph.D. in Entomology. Man, 33, married, 2 children. 


Currently on faculty of Big Ten University; desires teaching and/ 
or research. Teaching interests and experience include General 
Zoology, Parasitology, Entomology, Pathogenic Bacteriology. 
Sigma Xi; several publications, some sponsored by U. S. Public 
Health Service. Box 47, SCIENCE. xX 


Biologist. Opportunity with well-known supply house in Preserved 
and Living Material Dept. State in detail education, training, ex- 
perience (particularly with circulatory system injection), and 
starting salary expected. Box 11, SCIENCE. tf 


Microbiological Control Supervisor—M.S. or Ph.D. or equivalent. 
Large Eastern Drug Manutiacturer. Excellent opportunity for good 
theoretical and practical man with at least three years’ experience 
in microbiological vitamin and antibiotic assays. Attractive salary 
and comprehensive benefits. Box 35, SCIENCE. x 


Wanted: Oyster biologist. Must have experience in basic oyster 
biology and be willing to travel. Duties include management of 


> ed cultivation projects and advising oyster cultivators. Place 
of employment: Southeastern United States. Address inquiries 
containing qualifications to Box 50, SCIENCE. x 


POSITIONS OPEN 


(a) Immuno-chemist; medical school research laboratories ; research 
predominantly on immunology of Hodgkin's disease; West. (b) 
Microanalyst interested in histochemistry and physicist experienced 
in radiological physics and biophysics principally in radioactive 
isotope investigations; university research department; West. 
(c) Bacteriologist; Ph.D.; experienced in production and diag- 
nostic reagents; duties principally production; $6—$10,000 ; Chi- 
cago. (d) Medical writer; preferably Ph.D. in one of medical 
sciences ; $6000; East. (e) Research assistant well qualified tissue 
culture, histology; university research department; South. S2-4 
Medical Bureau (Burneice Larson, Director), Palmolive Buildin 

Chicago. 4 


DIRECTOR OF RESEARCH 


PERMANENT ASSIGNMENT — SOUTH AMERICA 
UNUSUAL OPPORTUNITY 


@ to organize and direct laboratory efforts as mem- 
ber of top-management team in large, rapidly- 
expanding South American affiliate. 


THE MAN WE NEED MUST 

@ be ready and qualified to discharge executive- 
technical responsibilities 

@be a chemist or chemical engineer with some 
knowledge of biochemistry preferred 

@ be an experienced administrator, with imagina- 
tion, drive and keen commercial instincts 

@ be equipped with previous residence in South 
America, some knowledge of Spanish or Por- 
tuguese and a flair for living abroad. 


IF YOU ARE THIS MAN 


@ send complete resume with recent photograph to: 


Robert J. Dixson 
Johnson & Johnson, New Brunswick, N. J. 


—The MARKET PLACE— 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


CLASSIFIED: 25¢ per word, minimum charge $6.00. Use of 
Box Number counts as 10 additional words. Correct 
payment to SCIENCE must accompany ad. 

DISPLAY: Rates listed below—no charge for Box Number. 

lonthly invoices will be sent on a charge account basis 
—provided that satisfactory credit is established. 
Single insertion $19.50 per inch 
7 times in 1 year 17 
13 times in 1 year 
26 times in 1 year 1 
52 times in 1 year 12.50 per inch 

For PROOFS on display ads, copy must reach SCIENCE 4 

weeks before date of issue (Friday of every week). 


BOOKS AND MaGaziNES 


Sets and runs, forei: 


WANTED TO PURCHASE ... gn 
} and domestic, Entire 


PERIODICALS [ipraries and smaller 
SCIENTIFI and BOOKS collections wanted 
WALTER Jj. JOHNSON @ 125 East 23rd St., New York 10, N. Y. 
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BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


r the MARKET PLACE 


BOOKS AND MAGAZINES | 


Your sets and files of scientific journals 


are needed by our library and institutional customers. Please send 
us lists and description of periodical files you are willing to sell 
at high market prices. Write Dept. A3S, S. CANNER, INC. 
Boston 19, Massachusetts 


||| PROFESSIONAL SERVICES 


AVOID DELAY .... Cash in Advance payment 
MUST be enclosed with ALL classified ads. 
See “Charges and R 


CONSULTATION 
RESEARCH 


LOGY 
fe) 
ANIMAL 


SOUTH SHORE 


148 ISLIP AV 


FOOD RESEARCH 
LABORATORIES, INC. 
Founded 1922 


Biologicel, Nutritionol, Toxicological Studies 
for the Food, Drug ond Allied industries 
48-14 33rd Street, Long Island City 1, N.Y. 


||| SUPPLIES AND EQUIPMENT | 


RARE MONOMERS 
Vinyl Esters, Acryly! and Methacryly! Chlorides, Ethyi- 
enimines, Allyl Esters, Vinyl Halides, 4- Chlorostyrene, 
2,3-Dimethylbutadiene, Dimethylaminoethyl acrylate. 
300 other monomers. Write for list A-5. 


MONOMER-POLYMER 


INCORPORATED © LEOMINSTER, MASS 


HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
For further information a 


HORMONE ASSAY LABORATORIES, Ine. @ Spaulding Ave 


BOOK MANUSCRIPTS INVITED 


Write for Free Booklet SC telling how we can publish 

your book. All subjects considered. New authors welcome. 

VANTAGE PRESS, Inc. © 120 W. 31 St., New York 1 
In Calif.: 6253 Hollywood Blvd., Hollywood 28 


| LABORATORY SERVICES 


Mineral determinations including sodium and fluor- 


ine ® Proximate analyses ® Vitamin and amino 
acid assays ® Food chemistry and microbiology * 
Enzyme investigations 

Write for price schedule 


WISCONSIN ALUMNI RESEARCH FOUNDATION 


P. O. BOX 2059-V e MADISON 1, WISCONSIN 


LOOK AROUND... 


number of satisfied using ads | in 
practically every issue of SCIENCE— «proof that these small ads get 
results! If you have a product or service of interest to scientists. 
take advantage of this low-cost means of increasing your profits! 


| MICRO-VISOR 


Green Class Slide with 3750 Re 
find same field again $10.00 for 


ERIC SOBOTKA CO. 


All AMINO ACIDS— natural, synthetic, unnatural 


Rare Sugars, Biochemical Products, Reagents, New 
Pharmaceuticals in stock. Write or phone PLaza 
7-8171 for complete price list. 

17 West 60th Street, 


BIOS LABORATORIES, INC. 1. West 60th Street, 


TACONIC FARMS | 


| vot 42nd St. 
‘ork 36, N.Y. 


¢ Swiss Mice 
@ Webster Strain 
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BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


GLYCEROL -1 14 


and other tagged compounds 
OF HIGH RADIOPURITY 

3816-ASan Fernando Rd. 

Glendale 4, Calif. 


SPECIALTIES 
COMPANY INC, 


ISOTOPES 


UPPLIES AND EQUIPMENT | 


FREE GBI CATALOG 
Write for your copy of the new 1955 edition for refer- 


ence use. It lists many ready-to-use, prepared test 
diets and media to save you time and tedious work 


GENERAL BIOCHEMICALS, INC. 


72 Laboratory Park Chagrin Falls, Ohio 


SLIDE PREPARATIONS *****¥ 


* 

* 

¥ Please write for list of several hundred avail- 
: able microscopic slide preparations on histol- 
; ogy and pathological histology. 


WM. Jj. HACKER & CO., INC. 
St., N. Y. 5, N. Y. | 


German Cameras. Import your own. Save retailers, Importers 
profits. Example: Exakta, automatic Westanar F2.8 lens $139.00 
(pay postman $19.00 duty). We pay parcel post, insurance, and all 
other charges. Similar prices on all famous makes. New 1955 pro- 
duction. Payment through bank and inspection method guarantees 
full protection and satisfaction. Price lists, (please outline your 
interests for our technical advisory service) and details airmsiled 
immediately. Worldpost, Tangier, Morocco, 1/28; 2/11, 25 


GLASS ABSORPTION 
CELLS XKLETT 


Makers of Complete Electrophoresus Apparatus 


SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers -— Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 

Co. 


ew York 


Klett Manufacturing 
179 East 87 Street, New York, 


Long-Evans (PAF) 


RATS 


Bred for Research Work by Research Workers 


PACIFIC ANIMAL FARMS 
2457 Fletcher Dr., Los Angeles 39, Calif. 


E. Machlett & Son 220 E. 23rd St. N. Y. 10, N.Y. 


SCIENCE-1954 
ON MICROCARDS 


The response to the Microcard edition has 
encouraged us to make volumes 119 and 
120 of SCIENCE available in this form. 
Eighty-three 3” x 5” cards contain all 3,192 
pages of SCIENCE for the year 1954. 

The space saving is considerable. 25 sets of 
Microcards take up approximately the 


same space as a single bound volume of 
SCIENCE covering the same period. The 
bother and expense of binding is com- 
pletely climinated. In spite of a 19% 
increase in volume, the price remains 


unchanged: 
Microcard edition of SCIENCE, 1953 $15.00 
“of SCIENCE, 1954 $15.00 


AAAS t 
1515 Mass. Ave., N.W. 
Washington 5,D.C. «x 


* 
* 
* 


SQGIENCE, VOL. 121 


LS nif 

> 
_ 
* 
* 
* 
Your assurance of the finest laboratory supplies, : 
| 
| : 
12A 


